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Náiades, vós que os rios habitais 
Que os saudosos campos vão regando, 
De meus olhos vereis estar manando 
Outros que quase aos vossos são iguais. 
 
Dríades, que com seta sempre andais 
Os fugitivos cervos derribando, 
Outros olhos vereis, que triunfando 
Derribam corações, que valem mais. 
 
Deixai logo as aljavas e águas frias, 
E vinde, Ninfas belas, se quereis, 
A ver como de uns olhos nascem mágoas. 
 
Notareis como em vão passam os dias; 
Mas em vão não vireis, porque achareis 
Nos seus as setas, e nos meus as águas. 
 
Luís Vaz de Camões, in "Sonetos" 
 
 
 
 
 
 
 
 
 
Ao meu Pai 
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RESUMO 
 
Os mexilhões-de-rio ou náiades (Bivalvia: ordem Unionoida) estão entre os 
grupos faunísticos mais ameaçados do mundo. Nos Estados Unidos são mesmo 
considerados o grupo mais ameaçado, com inúmeras espécies já extintas e uma 
proporção muito significativa de espécies ameaçadas e protegidas a nível federal 
ou estatal. No entanto, os esforços para a conservação destas espécies não têm 
sido adequados em várias regiões do mundo, nomeadamente na Europa, devido 
a um conhecimento deficiente da diversidade específica existente. Este problema 
deriva, em parte, dos excessos cometidos pelos autores do século XIX, que 
descreveram centenas de espécies baseados em caracteres incipientes e, em 
parte, do reduzido esforço que foi feito posteriormente no sentido de esclarecer 
a sistemática do grupo. Foi só nos últimos 20 anos que se começou a assistir  a 
um aumento progressivo do número de estudos de sistemática e taxonomia da 
família Unionidae na Europa, utilizando caracteres moleculares, morfológicos, do 
ciclo de vida, entre outros, os quais têm contribuído para o conhecimento da 
diversidade do grupo, para a avaliação do estado de conservação das espécies e 
das estratégias a implementar em cada caso. 
O principal objectivo da presente dissertação foi o estudo da sistemática, 
taxonomia, distribuição e biologia do mexilhão-de-rio Ibérico Unio tumidiformis 
Castro, 1885, com vista à avaliação do seu estado de conservação e à definição 
de propostas de medidas de gestão adequadas. Esta espécie não era 
considerada válida antes deste estudo, sendo as suas populações habitualmente 
consideradas como pertencendo a Unio crassus Retzius, 1788, uma espécie da 
Europa Central. A sistemática e a distribuição de U. tumidiformis foram 
estudadas numa vasta área incluindo a Península Ibérica e Norte de África 
(Marrocos, Argélia e Tunísia), recorrendo à bibliografia existente, à análise das 
colecções de moluscos dos Museus de História Natural de Lisboa, Coimbra, 
Porto, Madrid e Paris, e a amostragens nas príncipais Bacias Hidrográficas da 
Península Ibérica (Portugal e Espanha: Andaluzia, Aragão, Catalunha, Galiza e 
Castela-la-Mancha) e de Marrocos (todas as príncipais Bacias Hidrográficas a 
norte do Rio Oum Er Rbia até à fronteira com a Argélia). A biologia e a ecologia 
foram estudadas na Bacia do Guadiana, com especial destaque para o único rio 
que apresenta uma população sustentável, o Rio Vascão. Neste rio, as 
populações de mexilhões-de-rio e potenciais hospedeiros, assim como vários 
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parâmetros ambientais, foram monitorizadas ao longo de dois anos para 
caracterizar o ciclo reprodutor; foi igualmente estudado o crescimento individual 
dos bivalves nesta população ao longo de sete anos, recorrendo a métodos 
directos (captura-recaptura) e indirectos (aneis de crescimento) em paralelo 
com a análise dos registos dos respectivos parâmetros ambientais. 
Os estudos efectuados recorrendo a marcadores morfológicos e moleculares 
permitiram identificar pelo menos seis espécies de mexilhões-de-rio em 
Portugal, representando 60% da diversidade ibérica. Das 10 espécies 
identificadas na Península Ibérica, apenas U. tumidiformis não foi encontrada em 
outras regiões Europeias ou do Norte de África, constituindo um endemismo 
ibérico potencial. No entanto, a análise da bibliografia e das colecções de 
moluscos do Museu Nacional de História Natural de Paris, indica a existência de 
uma espécie semelhante a U. tumidiformis e U. crassus no Norte de África. Não 
tendo sido localizada qualquer população dessa espécie, não foi possível analisar 
os vários caracteres que permitiriam revelar as suas relações com outras 
espécies, nomeadamente, U. tumidiformis. 
A diversidade de mexilhões-de-rio ibéricos terá tido origem em múltiplos eventos 
de colonização da Península, que explicam por que razão as espécies ibéricas 
apresentam mais semelhanças e são filogeneticamente mais próximas de 
espécies da Europa Central e do Norte de África do que entre si. A diferenciação 
das várias espécies terá sido potenciada pelo isolamento da Península Ibérica 
devido à formação dos Pirinéus e das várias bacias endorreicas durante o 
período Terciário, e ao isolamento do maciço Bético-Rifenho. O mexilhão-de-rio 
U. tumidiformis terá tido origem nesse maciço, colonizando posteriormente as 
áreas vizinhas através das rotas de dispersão da ictiofauna, sendo a sua 
extinção na Bacia Hidrográfica do Tejo aparentemente recente. Com excepção 
do Rio Vascão, as restantes populações conhecidas (Bacia do Mira: Rio Torgal; 
Bacia do Sado: Rio Sado e Ribeira da Marateca; Bacia do Guadiana: 13 
populações em Portugal e 11 em Espanha) são pequenas ou muito pequenas e 
evidenciam uma regressão acentuada em toda a área de distribuição da espécie. 
Foram analisadas as potenciais espécies de peixes hospedeiros para os 
gloquídios de U. tumidiformis através do estudo de peixes capturados durante a 
o período de reprodução do bivalve, e através da realização de infestações em 
cativeiro. Os resultados indicam que as larvas do mexilhão apenas completam a 
metamorfose em peixes do género Squalius, tendo sido identificadas cinco 
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espécies potencialmente adequadas: S. alburnoides, S. aradensis, S. carolitertii, 
S. pyrenaicus e S. torgalensis. Duas destas espécies, S. aradensis e S. 
Carolitertii, não ocorrem em simpatria com U. tumidiformis, o que reforça a ideia 
de que a ausência do mexilhão noutras Bacias Hidrográficas da Península 
Ibérica, em particular a norte da Bacia do Tejo, tem origem na sua história 
biogeográfica e não nas características do habitat. A metamorfose das larvas 
ocorre quase exclusivamente nas brânquias do hospedeiro, durante 6 a 14 dias a 
uma temperatura entre os 21,8 e os 26,1ºC. O estudo efectuado confirmou que 
o quisto que se forma em redor do gloquídio tem origem na migração das células 
epiteliais do hospedeiro, sendo muito semelhante ao processo de cicatrização. 
No entanto, o reconhecimento do parasita pelo hospedeiro (e vice-versa) deve 
ter origem em factores intrínsecos às espécies, não sendo um processo 
puramente mecânico. 
O estudo do ciclo de vida de U. tumidiformis evidenciou que se trata de uma 
espécie estritamente dióica, cujas fêmeas retêm as larvas por um curto período, 
libertando-as entre Fevereiro e Julho, provavelmente à medida que vão 
maturando. Não é conhecido qualquer mecanismo de atracção dos hospedeiros, 
sendo as larvas libertadas em pequenos grupos com pouca consistência. A 
fecundidade é reduzida (até 15.000 larvas por fêmea em cada época 
reprodutora) e directamente proporcional ao comprimento da concha. Estes 
factos apontam para a necessidade de algum factor que aumente a 
probabilidade de encontro entre os gloquídios e os hospedeiros, e que pode 
consistir apenas na redução do volume de água do rio e confinamento espacial 
durante a época de reprodução. 
Foram aplicados métodos de captura-recaptura e de contagem e medição de 
aneis de crescimento utizando o modelo de crescimento de von Bertalanffy. Os 
resultados revelaram que U. tumidiformis apresenta uma longevidade muito 
reduzida (inferior a 7 anos) quando comparada com outras espécies de 
mexilhões-de-rio, à qual está associada uma elevada taxa de crescimento e uma 
idade de maturação sexual precoce (2 anos). Estes factores permitem às 
populações uma rápida renovação de gerações, constituindo uma adaptação à 
vida em ambientes instáveis e permitindo aos bivalves maximizar a 
probabilidade de conseguirem reproduzir-se, antes de serem eliminados por um 
evento extremo como uma seca ou cheia. Para além disso permite uma rápida 
recuperação após a eventualidade de perdas importantes de efectivos 
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populacionais. Esta estratégia deverá assentar também numa alternância entre 
anos “secos”, potenciadores de recrutamentos elevados devido ao reduzido 
volume de água e consequente aumento da probabilidade de encontro entre 
gloquídios e hospedeiros, e anos “húmidos”, em que a manutenção da 
conectividade dos rios durante a época de reprodução do bivalve permite a 
dispersão de larvas. Uma situação destas não só contribui para a manutenção do 
fluxo genético e para a re-colonização de locais onde poderão ter sido eliminados 
devido à estocacidade ambiental, como potenciará a fundação de novos núcleos 
populacionais. 
Perante um cenário de alterações climáticas em que fenómenos extremos como 
as secas e as cheias tenderão a ser cada vez mais frequentes, severos e 
persistentes, o equilibrio da alternância entre anos de elevado recrutamento e 
anos de elevada dispersão, pode sofrer alterações com efeitos irreversíveis, ao 
ponto das populações serem incapazes de recuperar por si sós. A situação é 
agravada pela reduzida longevidade desta espécie, que a levará à extinção mais 
rapidamente. Adicionalmente, as espécies de bivalves e peixes não indígenas 
podem constituir uma ameaça ao terem vantagem competitiva sobre as nativas 
em ambientes modificados, em que o regime lêntico predomina sobre o lótico, 
uma situação frequente com a redução anual da precipitação e agravada pela 
construção de açudes e barragens. 
As medidas de conservação que se recomendam passam, portanto, pela 
minimização dos impactos destes fenómenos extremos, através da estabilização 
dos leitos dos rios e da manutenção e protecção de pêgos  permanentes, e pelo 
reforço dos efectivos das populações ameaçadas com juvenis criados em 
cativeiro. O controlo da expansão de espécies de peixes e bivalves exóticos é 
também essencial. Estas medidas irão permitir recuperar, manter ou mesmo 
aumentar os efectivos populacionais e o número de populações de U. 
tumidiformis a longo prazo, assegurando assim a conservação da espécie. 
 
PALAVRAS CHAVE 
Sistemática e taxonomia de mexilhões-de-rio; Península Ibérica; crescimento e 
reprodução; fase parasitica e espécie hospedeira, regime hidrológico, reprodução 
em cativeiro, conservação. 
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ABSTRACT 
 
Freshwater mussels are amongst the most threatened animals on earth. 
Conservation efforts in Europe have suffered from the poor knowledge of the 
diversity and biological traits of the species. The objective of this dissertation 
was to clarify the systematics, taxonomy and biology of Unio tumidiformis and to 
evaluate the conservation challenges it faces. To achieve these objectives, the 
bibliography and the existing museum collections in Portugal, Spain and France 
were revised concerning the freshwater mussel fauna of the Iberian Peninsula, 
Central Europe and northern Africa. Samples were collected from around the 
Iberian Peninsula and from Morocco, and the population from the River Vascão 
(Guadiana Basin) was monitored for several years. From the 10 currently 
recognized Iberian species, U. tumidiformis is the only one not known from 
outside the Iberian Peninsula. It occurs in the southwestern basins of the 
Guadiana, Mira and Sado rivers. Most populations are small, isolated and show 
signs of severe decline. Only fish species belonging to the genus Squalius were 
identified as potential hosts for U. tumidiformis glochidia. This mussel appears to 
be strictly dioecious and presents a tachytictic mode of reproduction, releasing 
its glochidia in spring and summer. Complete metamorphosis is achieved 
quickly, and the growth rate of juveniles is very high, varying with the water 
quality. The mussels reach sexual maturity in the second year and fecundity is 
low, significantly increasing with size. These biological traits allow a fast 
generation renewal and efficient adaptation to a variable environment. There 
seems to be a trade-off between the reproductive output and gene flow that is 
related to the variation in flow regime. The increase in the frequency and 
persistence of extreme flow events may disrupt this balance and cause the 
decline of U. tumidiformis populations. Conservation actions should focus on 
ensuring adequate refuge areas in rivers including permanent water pools during 
summer, and reinforcing the mussel densities in threatened populations using 
juveniles reared in captivity. 
 
KEYWORDS 
Freshwater mussel systematics and taxonomy; Iberian Peninsula; growth and 
reproductive traits, parasitic stage and host fish; flow regime; captive rearing; 
conservation.
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INTRODUCTION 
  
 
CHAPTER 1 - INTRODUCTION 
3 
1. Introduction 
Biodiversity is a growing concern for human society. The loss of biodiversity is 
nowadays associated to the loss of quality of life. Biodiversity performs a number 
of “services” that are fundamental for humans. These “services” range from 
direct uses such as fishing and timber production, to the essential role of 
organisms in generating the earth‟s atmosphere, soil nutrient cycling, pollination 
of crops, purification of water and many others. 
 
Biodiversity refers to the diversity of life and its components, and can be 
accessed in a variety of ways. A classical approach is by counting species. 
Species are considered by various authors to constitute one of the fundamental 
units in biology, making them comparable to fundamental units of lower level of 
biological organization such as genes, cells and organisms (see de Queiroz 
2007). Species are constantly evolving into new species, increasing biodiversity 
levels. Current global estimates range between 5 or 10 million species (May 
1988; Gaston 1991; Hammond 1992; Stork 1993, 1997) to 30 million species 
(Erwin 1982). Species extinction is also a continuous phenomenon. If the rate of 
extinction, estimated for the period prior to humanity‟s influence, is applied to a 
current diversity of 10 million species, then 1 to 10 species should go extinct 
every year. However, the rate of extinction during the past century was 
calculated to be about 100 to 1000 times faster (Pimm et al. 1995). These 
numbers are based on data from the best studied types of animals, mainly 
mammals and birds. To date, little over 1.7 million species have been described 
(IUCN 2009), so most of the earth‟s biodiversity is still unknown. Most of the 
undescribed species are invertebrates. As an example, Tinaut and Ruano (2002) 
stated that about 300 species are described every day; nevertheless, only one 
new mammal species is described every 3 years (Pine 1994). 
 
Invertebrates are simultaneously the most diverse and less known group of 
organisms on earth. This lack of knowledge is not equivalent for all invertebrate 
groups and shows large variations between regions of the world. In freshwater 
habitats about 90 thousand species have been described worldwide, but some 20 
to 200 thousand species may still remain to be discovered (Strayer 2006). In 
these ecosystems the best studied invertebrate groups are insects, crustaceans 
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and mollusks, but even though these are also the most diverse groups, they 
have received about 1/10th of the scientific attention of freshwater fish (Strayer 
2006). This poses an obvious problem for conservation, because the key figure in 
conservation biology, which was developed for vertebrates such as mammals and 
birds, is based on species. 
 
Freshwater mussels (Mollusca: order Unionoida) have received a relatively high 
level of attention in some regions such as North America, Europe or Australia. 
Nearly 900 species have been described so far (Graf & Cummings 2006; Graf 
2007), but many species seem to be waiting to be described from tropical areas 
in South America, Africa and Asia. The number of species described from Europe 
ascended to several hundred in the 19th century, but most were not considered 
valid by early 20th century researchers. New research techniques developed in 
the late 20th century, such as the use of molecular markers, have been proving 
that neither approach was accurate, and that the true number of species in 
Europe is still unknown. Because freshwater mussels have a very complex life-
history and because different species exhibit very distinct life-history patterns, 
their conservation is dependent on the correct identification of each species and 
its characteristics. The following sections are dedicated to introducing how the 
systematics, taxonomy and life-history patterns of freshwater mussels affect 
their conservation.  
 
 
1.1 Evaluating the diversity of freshwater mussels 
Being conspicuous and originally very abundant animals, it is not surprising that 
freshwater mussels have received quite some attention from naturalists and 
scientists for several centuries. It would seem that this would have originated a 
well settled knowledge about the group‟s diversity. However, the use of distnct 
species concepts and interpretations by different authors, and the 
disproportionate amount of research done in some parts of the world, notably 
Europe and North America, led to uncertainty till present days. 
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1.1.1 The concept of species applied to freshwater mussels 
While the conception of species as fundamental biological units is a consensual 
matter, how to define that concept is not. Initially, species were described using 
a typological concept, where species were defined by certain fixed properties. 
Examples of properties used to define species under this conception were, for 
instance, short or long tail, elongate or oval shell, and so on. This was the basis 
of the Linnaeus‟ (1758) classification scheme. This concept had obvious problems 
and limitations, and later several alternative concepts were developed (Table 
1.1). The biological species concept was probably the most widely accepted and 
used. Its primary property was that of interbreeding, i.e., the natural 
reproductive capacity between individuals of the same species and their inability 
to produce viable and fertile offspring if mating with individuals from another 
species. This seemed to be an appropriated concept to apply to higher 
vertebrates such as mammals and birds, but presented some problems with 
lower vertebrates such as fish, many problems if applied to invertebrates and  of 
very difficult application to asexual reproducing organisms. This stimulated the 
development of other species concepts. The advent of genetic research put an 
emphasis on the evolutionary relationships between organisms as inferred by 
molecular markers, originating a series of phylogenetic species concepts (Table 
1.1). However, this seemed to diminish the role of phenotypic expression that is 
under selective pressure, one of the basis of the origin and evolution of species 
by means of natural selection (Darwin 1859). 
 
De Queiroz (2007) argued that much confusion has arisen between species 
delimitation and the actual conceptualization of species. He stated that most 
concepts were not independent from the properties they were based upon, and 
that a new unifying concept, independent of such properties, would be 
necessary. Mayr (1982) and de Queiroz (2007) defined species as separately 
evolving metapopulations lineages. The term metapopulation refers to a 
population made up of connected subpopulations (Hanski & Gaggiotti 2004), 
while lineage refers to an ancestor dependent series (Simpson 1961; Hull 1980). 
Under this concept, properties that gave rise to alternative concepts (Table 1.1) 
would constitute different lines of evidence to assess lineage separation (de 
Queiroz 2007). The presence of any of such properties is evidence for the 
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existence of a species, but more properties provide more lines of evidence and 
thus higher degree of corroboration (de Queiroz 2007).  
 
 
Table 1.1. Alternative contemporary species concepts and the properties they 
are based upon (adapted from de Queiroz 2007). 
Species concept Property(ies) References 
Biological 
Interbreeding (natural reproduction 
resulting in viable and fertile 
offspring) 
Wright (1940); Mayr 
(1942); Dobzhansky 
(1950) 
Ecological Same niche or adaptive zone 
Van Valen (1976); 
Anderson (1990) 
Evolutionary 
Unique evolutionary role, 
tendencies and historical fate 
Simpson (1951); Wiley 
(1978); Mayden 
(1997) 
Cohesion 
Phenotypic cohesion (genetic or 
demographic exchangeability) 
Templeton (1989, 
1998) 
Phylogenetic Heterogeneous (see below)  
Hennigian 
Ancestor becomes extinct when 
lineage splits 
Hennig (1966); Ridley 
(1989); Meier and 
Willmann (2000) 
Monophyletic 
Monophyly (consisting of an 
ancestor and all of its descendents) 
Rosen (1979); 
Donoghue (1985); 
Mishler (1985) 
Genealogical 
Exclusive coalescence of alleles (all 
alleles of a given gene are 
descendent from a common 
ancestral allele not shared with 
those of other species) 
Baum and Shaw 
(1995) 
Diagnosable 
Diagnosability (qualitative 
difference) 
Nelson and Platnick 
(1981); Cracraft 
(1983); Nixon and 
Wheeler (1990) 
Phenetic 
Form a phenetic cluster 
(quantitative difference) 
Michener (1970); Sokal 
and Crovello (1970); 
Sneath and Sokal 
(1973) 
Genotypic cluster Form a genotypic cluster Mallet (1995) 
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Linnaeus (1758) was the first to describe and name freshwater mussel species. 
His descriptions were based on a typological species concept, which was followed 
for many decades after. Freshwater mussels exhibit an extreme variability over 
frequently wide ranges. This led to a huge increase of species descriptions during 
the 19th century, and consequently of available names (Fig. 1.1). Most 
descriptions were based on subtle differences in length, shape or color, and thus 
had no correspondence to valid species. Overall 4,178 species names were 
available by 1969 (Haas 1969). One author alone, Isaak Lea, was responsible for 
838 names, about 20% of the total. Other name givers were Locard (339), 
Bourguignat (311) and a few others. Most of these authors followed the French 
school of malacology, the “nouvelle-école”. 
 
During the 20th century a few authors followed an opposite orientation, 
considering many of the available names as synonyms of a reduced number of 
species. The most noticeable of these researchers were Simpson (1900, 1914) 
and Haas (1940, 1969). Haas (1969) considered a total of 837 valid species (plus 
200 subspecies), which corresponded to an average synonym rate of 5:1. 
However, synonyms were not uniformly distributed between species: the 
European Anodonta cygnea alone totalized 549 synonyms (Haas 1969). 
 
Haas (1969) based his classification on basic shell properties studied on the 
center of each species distribution area. During the second half of the 20th 
century and beginning of the 21st, the incorporation of other characters has 
significantly contributed to improve the knowledge on freshwater mussels‟ 
diversity. Molecular data in particular have played an important role, allowing to 
detect cryptic species, phenotypic variations of plastic species, and have been 
unraveling the evolutionary relationships between species (Lydeard et al. 1996; 
Lydeard et al. 2000; Baker et al. 2003; Machordom et al. 2003; Huff et al. 2004; 
Campbell et al. 2005; Källersjö et al. 2005; Graf & Cummings 2006). Graf and 
Cummings (2006) emphasized the importance of using different characters to 
study the systematics and evolution of freshwater mussels, including 
morphology, anatomy, larval stage, life-cycle features and genetics. Freshwater 
mussels seem to corroborate the importance of using a species concept that is 
independent from the properties used to describe those species (de Queiroz 
2007). The accumulation of lines of evidence derived from morphological, 
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anatomical, genetic, life-cycle and ecological traits have been the key to clarify 
unionoid systematics (Baker et al. 2003; Araujo et al. 2005, 2009; Graf & 
Cummings 2006). 
 
 
Figure 1.1. Trends of available names (listed in Haas 1969) and valid species of 
freshwater mussels (Mollusca: order Unionoida) since Linnaeus (1758). The 
black line represents the number of valid species considered by Linnaeus 
(1758), Lea (1836, 1870), Simpson (1900, 1914) and Haas (1969). These 
publications are represented by the dots (left to right) (adapted from Graf & 
Cummings 2009). 
 
 
1.1.2 Evolution and global diversity 
Freshwater mussels (order Unionoida) belong to the bivalve sub-class 
Palaeoheterodonta, together with their marine sister-group Neotrigonia (order 
Trigonioida). Neotrigonia is only known from six species that live in Australian 
waters, while freshwater mussels are represented by approximately 900 species 
distributed throughout all continents except Antarctica (Fig. 1.2). Neotrigonia is  
crucial as a  “living fossil”,  establishing the  plesiomorphic  states of  unionoid 
Available names 
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Figure 1.2. World diversity of freshwater mussels (Bivalvia: Unionoida) (adapted 
from Graf & Cummings 2007, 2009). 
 
 
synapomorphies (Graf & Cummings 2006). The circumstances that led to the 
invasion of freshwaters by unionoids are unknown. The invasion of freshwaters 
was achieved independently by other bivalve groups, such as the families 
Corbiculidae, Sphaeriidae and Dreissenidae (McMahon 1991; Park & Ó Foighil 
2000), but apparently none as successfully as the families belonging to the order 
Unionoida (Graf & Cummings 2006). This fact is certainly not independent from 
two life-history aspects of unionoid bivalves: parental care and parasitism. 
Freshwater mussels retain their eggs in brooding chambers located in their gills, 
developing obligatory parasite larvae that attach to fish while metamorphosing 
into juvenile bivalves. This strategy prevents their offspring from being “flushed” 
downstream, and is a very effective mean of dispersal and colonization of 
upstream areas of river basins. 
 
Six families make up the order Unionoida: Unionidae, Margaritiferidae, Hyriidae, 
Etheriidae, Mycetopodidae and Iridinidae. The species diversity is not distributed 
evenly between families or regions, suggesting distinct radiation events with 
different degrees of success. By far, the most diverse family is Unionidae, with 
707 described species distributed throughout North America, Europe, Africa and 
Asia (Graf & Cummings 2007, 2009). The closely related family Margaritiferidae, 
with only 13 known species, occurs on the same areas, but has a much more 
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restricted distribution within those areas. The Margaritiferidae are considered an 
ancestral group of freshwater mussels. North America presents the higher 
number of freshwater mussel species in the world, with 302 described species 
(Fig. 1.2). This diversity is unevenly distributed, with most of the species 
occurring in certain rivers of the Mississippi Basin. These rivers are ancient and 
were refuges for freshwater species during the ice ages (Graf & Cummings 
2007). Europe presents a much lower diversity. It belongs to the Paleartic 
Region, where 48 species are currently recognized. However, diversity in Europe 
has not been accurately evaluated because of confusion caused by 19th century 
“over-namers”, and a considerable less scientific research effort than in North 
America. Even though, the high impact of glacial periods in Europe is generally 
considered to have had a significant effect on freshwater fauna diversity, so the 
freshwater mussel species from Europe should not be very numerous. 
 
 
1.1.3 The Iberian Peninsula 
The Iberian Peninsula has been historically isolated, either by water surrounding 
it, or by the rise of the Pyrenees. It was relatively spared by the ice cover during 
glaciations (Fig. 1.3), and is part of the circum-Mediterranean area, classified by 
Myers et al. (2000) as one of the 25 “biodiversity hotspots for conservation 
priorities”. The combination of these factors makes the Iberian Peninsula fauna 
particularly diverse and rich in endemic species. Iberian freshwater fish fauna 
includes a high level of endemism (Almaça 1995; Elvira 1995). It would be 
expectable that freshwater mussel diversity was high, but there are conflicting 
evidences about the number of species living in Iberian rivers. 
 
Morelet (1845) was the first to study Iberian unionoids, considering the existence 
of 12 species in Portugal. During the second half of the 19th century, several 
authors following the “nouvelle école” described up to 161 species, noticeably 
Castro (1873, 1885, 1887), Drouet (1893) and Locard (1899). In the beginning 
of the 20th century, three authors revised the Iberian unionoid systematics and 
taxonomy, considering most of the previously described species as synonyms of 
only a few species: Azpeitia (1933), Nobre (1912, 1930, 1941) and Haas (1969). 
Haas (1969) considered 7 species to occur in the Iberian Peninsula, belonging to 
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Figure 1.3. Extent of ice cover and permafrost during the last Glaciation in 
Europe. The Iberian Peninsula (to the left) was almost completely free of ice 
(adapted from Williams et al. 1993). 
 
 
two families: Margaritiferidae (Margaritifera auricularia Spengler and 
Margaritifera margaritifera L.) and Unionidae (Anodonta cygnea L., Unio turtoni 
Payraudeau, Unio delphinus Spengler, Unio batavus Lam., Rhombunio littoralis 
Lam.). Nobre (1941) considered all Portuguese unionoids to belong to 4 species: 
Margaritana  (=Margaritifera) margaritifera,  Anodonta cygnea, Unio littoralis and 
Unio pictorum. These classifications, and the discussions that followed, always 
attempted to identify Iberian species according to the fauna known from Central 
Europe. This approach contrasted with the evidence of the uniqueness of the 
Iberian freshwater fauna. Altaba (1991) described a considerably higher diversity 
for Unionoida from Catalunya (eastern Iberian Peninsula). All these studies were 
based fundamentally in morphological evidences. Recent efforts have tried to 
incorporate multiple evidences, such as morphology, anatomy, genetics and life-
history traits (Araujo et al. 2005; Araujo et al. 2009), and as a result some “old” 
names were recovered from the bibliography as valid species. These studies 
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largely benefited from extensive field surveys that yielded accurate and detailed 
data concerning the distribution and variation of freshwater mussels around the 
Iberian Peninsula, providing specimens and samples for detailed study (e.g. Reis 
2003; Pérez-Quintero et al. 2004; Reis 2006; Barea-Azcón et al. 2008). 
 
 
1.2 Life-history of freshwater mussels 
Freshwater mussels are amongst the most long-lived invertebrates known, with 
some species thriving for over 100 years (Bauer 1992; Anthony et al. 2001). 
Bauer (1987) stated that if geographical range, abundance and age were 
measures of species‟ fitness, then the freshwater pearl mussel Margaritifera 
margaritifera should be considered one of the most successful animal species. 
Their reproductive cycle, coupled with freshwater fish by means of a parasitic 
larvae, is truly unique and is a very successful adaptation to life in running 
water. 
 
 
1.2.1 Growth and Longevity 
Life span and size are life-history traits with potentially important ecological costs 
and benefits, and therefore should be under strong selective pressure (Bauer 
1992). It is important to distinguish between patterns that arose from selection, 
originating differences between species or higher taxonomic levels, and patterns 
that are simply caused by constraints (Stearns 1980; Begon et al. 1986). 
However, it is often difficult to evaluate to what degree are variations in size and 
life span adaptive (Bauer 1992). 
 
Freshwater mussels grow along their whole life span. Different models have been 
used to describe the mussels‟ individual growth. Hastie et al. (2000) used a 
power model and a logistic equation, San Miguel et al. (2004) used a hyperbolic 
function, and Howard and Cuffey (2006) applied a 3-parameter logarithmic 
equation. Nevertheless, the most widely used model is the von Bertalanffy 
equation (Bauer 1992; Aldridge 1999; Hastie et al. 2000; Anthony et al. 2001; 
Hochwald 2001; Jones et al. 2004; San Miguel et al. 2004; Nagel et al. 2007). 
Hastie et al. (2000) found that this model achieved the best fit for the length-at-
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age data of 8 out of 11 Scottish Margaritifera margaritifera populations. This 
model allows calculating the asymptotic length L∞ of a population, i.e., its 
theoretical maximum length, and the growth rate K, which is simply the rate at 
which the asymptotic length L∞ is approached (von Bertalanffy 1938). The 
growth rate is normally negatively correlated with the maximum length and age, 
which is a common observation in freshwater mussels and several other 
organisms (Bauer 1992; Anthony et al. 2001; Hochwald 2001; Metcalfe & 
Monaghan 2003). It is often assumed that growing faster is better, presenting a 
series of benefits that include earlier age at maturity and lower risk of predation 
at smaller sizes (Arendt 1997; Metcalfe & Monaghan 2003). However, most 
organisms do not grow as fast as they can, even when conditions are favorable 
(Metcalfe & Monaghan 2003). This is because growing faster implies costs, 
reducing the fitness of adults and leading to lower life spans (Bauer 1992; Arendt 
1997; Metcalfe & Monaghan 2003; Rose et al. 2009). The growth rate is lower in 
long-lived freshwater mussel species such as Margaritifera margaritifera, and 
higher is short-lived species such as Anodonta and Unio species (Bauer 1992; 
Aldridge 1999; Hochwald 2001). At the species level, growth rate and age do not 
seem to be related to size, as evidenced by Anodonta with some of the largest 
species known despite its rapid growth (Aldridge 1999; Reis 2006). On the other 
hand, some studies have looked at growth rates and size in different populations 
of the same species. These studies found that fast growing individuals not only 
live less but also attain a smaller size than slow growing mussels. These 
variations seem to be influenced by environmental factors such as temperature, 
and their adaptive value is largely unknown. 
 
The growth of freshwater mussels, and indeed every aspect of their life-history, 
is of course dependent on food. The availability of food is ultimately what 
determines the distribution and abundance of the mussels (Strayer 2008). It is 
therefore somewhat surprising that so few studies concerning their diet are 
available. The food items vary according to different authors, and may include 
phytoplankton, zooplankton, particulate detritus, suspended bacteria, fungal 
spores, dissolved organic matter or sediment organic matter (see review in 
Strayer 2008). Following a massive zebra mussel invasion in the Hudson River, 
that caused a 80-90% decrease in plankton biomass, the body condition of 
unionids (i.e., the body mass at a given shell size) fell by 20-30% (Caraco et al. 
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1997, 2006; Findlay et al. 1998; Pace et al. 1998). There is ample evidence that 
the availability of food is directly related to growth rates (see review in Strayer 
2008). Animals living in eutrophic conditions typically grow faster than those 
living in oligotrophic conditions (Arter 1989; Walker et al. 2001; Strayer 2008). 
Despite these variations, species-specific differences in food-limitation may 
determine unionoid distribution and abundance (Strayer 2008). This author 
resumes three circumstances under which food may be a limiting factor for 
freshwater mussels: 1) If food is naturally scarce in unproductive environments; 
this was the reason given by Bauer (1994) to explain the slow growth of 
Margaritifera margaritifera; 2) If consumers have high enough feeding rates to 
depress the quantity or quality of food resources; this is derived from the 
filtering capacity of the bivalves and is one of the ways by which invasive species 
like Dreissena polymorpha can compete with native mussels; and 3) If 
environmental conditions make it difficult for the animals to capture food; this 
has not been demonstrated for unionoids but has been so for other bivalves. 
Zebra mussel growth has been shown to be limited by a high ratio of inorganic 
particles to organic particles (Madon et al. 1998; Schneider et al. 1998). 
 
 
1.2.2 Reproductive Strategies 
The reproductive cycle of freshwater mussels is one of the keys to their success. 
The basic cycle is represented in Fig. 1.4 and briefly summarized here: females 
inhale the sperm that was released by males in the water, fertilizing the eggs 
that are located in brooding chambers formed by the gills; the eggs develop into 
parasitic larvae (glochidia or lasidia) which are released in the water by the 
female; the larvae attache to the epithelium of a fish, metamorphose into  
juvenile bivalves and then release themselves; they fall to the river substratum, 
grow to adult size and start another cycle. 
 
There are numerous variations to this pattern on every stage of the cycle. Most 
species are dioecious, but some are simultaneous hermaphrodites (Schalie 1970; 
Kat 1983). Occasional hermaphrodite individuals are found in several 
predominantly dioecious species (Schalie 1970; Kat 1983), and at least in one 
study   those  individuals  were  associated  to  the  infection  of  the  gonads  by  
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Figure 1.4. Basic life-cycle of a unionoid mussel (adapted from Reis 2006). 
 
 
digenean trematodes (Kat 1983). Margaritifera margaritifera individuals are 
known to be able to change from dioecious to hermaphrodite in response to 
decreasing   population   density,   being   able   to   self-fertilize  (Bauer  1987). 
Dioecious and hermaphrodite individuals are determined by hormone levels (Kat 
1983), that vary due to intrinsic factors (causing species-specific patterns and 
strategies with a selective value, like in M. margaritifera) and external influences 
(causing variations with no apparent selective value like occasional 
hermaphroditism). 
 
Bauer (1998) found that only 5-54% of the female M. margaritifera in German 
populations reproduced in a given year, and that the condition of these 
reproducing females was higher than that of non-reproducing females. On the 
other hand, several species are known to produce glochidia multiple times in the 
same year (Smith 1978; Gordon & Smith 1990; Heard 1998; Piechocki 1999; 
Hochwald 2001). Pekkarinen (1993) found that the condition of several Swedish 
unionid species increased in spring and early summer, preceding the rapid 
growth period, and was also higher in gravid females than in males. 
Furthermore, this author found that the condition of Anodonta anatina and Unio 
spp. varied between years. These evidences indicate that life-history traits like 
Glochidium 
Sperm 
Female Male 
Infected 
gill 
Fertilization 
Juveniles 
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growth and reproduction are probably dependent on the previous accumulation 
of energy by individual mussels. Ultimately it is the availability of food that 
determines the ability to accumulate energy; in oligotrophic environments such 
as those where M. margaritifera lives, resources may not be enough to allow 
individuals to reproduce every year, while unionids living in more productive 
environments will not be limited and be able to reproduce more than once in a 
given year. 
 
The number of eggs that an individual mussel can produce is usually correlated 
with its length (Bauer 1998; Hochwald 2001; McIvor & Aldridge 2007). The 
allometric constraint on fertility is probably a factor contributing to higher growth 
rates, since fecundity will increase with the animal size. The brooding pattern of 
eggs is also variable among freshwater mussels. The brooding chambers can be 
located in all four demibranchs (tetrageny) or only in the inner demibranchs 
(endobranchy). Some species like Potomida littoralis can brood in all four or only 
in the inner demibranchs. Variations in brooding patterns seem to be intrinsic 
and species-specific, and have been used as an important character in the study 
of unionoid evolution and systematics (Graf & Cummings 2006). Whether 
tetrageny or endobranchy is a synapomorphy of Unionoida is still under 
discussion (Graf & Cummings 2006). The duration of the brooding period can 
either be short and take place during spring and summer (tachyticity), or extend 
for several months during autumn and winter before releasing the larvae in 
spring (bradyticty). In Europe, Unio species are typically tachytictic while 
Anodonta are bradytictic (Giusti et al. 1975; Ellis 1978; Pekkarinen 1993; 
Aldridge 1999; Piechocki 1999; Araujo et al. 2005; Reis 2006). There are 
numerous variations and intermediate patterns, to the point that the actual use 
of these terms has been questioned (Watters & O‟Dee 1998). 
 
Finally, the release of the larvae is probably one of the most extraordinary 
features of unionoid evolution. Each species has developed its own strategy to 
maximize the probability of their larvae finding the appropriate host. Each 
Margaritifera margaritifera female releases millions of larvae, and a typical 
healthy population has hundreds of thousands of mussels, so that the number of 
glochidia in the water during the reproductive period can be very high (Bauer 
1991). Some Anodonta species release their larvae in a kind of net matrix, which 
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facilitates the attachment of glochidia to fishes passing by. Vicentini (2005) 
described an unusual spurting behavior in Unio crassus, where the mussel 
“throws” a small volume of water filled with larvae into the air; when it falls to 
the water, it probably attracts fish that are looking for falling insects. But the 
most spectacular adaptations are known from North America (Graf & Cummings 
2007). Species from the sub-family Lampsilinae have developed mantle 
modifications that resemble the shape of a fish and are used as lures for 
attracting potential hosts (Haag et al. 1999). Other species “pack” all their larvae 
in conglutinate structures that look like invertebrates that fish feed upon. One 
species, Epioblasma triquetra, is known to literally capture its host fish between 
its valves, letting it go after releasing the glochidia. 
 
 
1.2.3 Parasitic Stage 
Very little is known about the actual period during which the glochidia are 
attached to their host. After attachment, the glochidium is enclosed in a cyst and 
metamorphoses into the free-living juvenile stage. It has been demonstrated 
that the cyst is formed by covering the glochidium exclusively by host tissue. 
Therefore the process should rather be called encapsulation than encystment 
(Hoggarth & Gaunt 1988; Rogers-Lowery & Dimock Jr 2006). 
 
The parasitic stage of unionoid mussels performs several functions, including 
protection, nutrition and dispersial. Most species parasitize fish (Watters & O'Dee 
1998), which carry the glochidia upstream and potentially far from their 
progenitors. This is particularly important because adult mussels have very 
limited locomotion capability, and because of the unidirectional nature of the flow 
in rivers and streams. Different mussel species are able to parasitize different 
ranges of fish species: some only have a few suitable host species while others 
have a wide range of possible hosts (Lefevre & Curtis 1912; Stern & Felder 1978; 
Zale & Neves 1982; Berrie & Boize 1985; Haag & Warren Jr. 1997; O'Dee & 
Watters 1998; Araujo et al. 2001; Blažek & Gelnar 2006). This is a particularly 
important characteristic of species because it can determine their degree of 
susceptibility to changes in ecosystems: a narrow range of host species usually 
implies a larger risk of extinction. The most endangered European unionoid 
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known, Margaritifera auricularia, is known to have only two suitable host species 
for their glochidia, the sturgeon (already extinct in most of the mussels range) 
and the river blenny (another endangered species) (Araujo et al. 2001). 
 
 
1.3 Conservation 
Freshwater mussels are amongst the most imperilled invertebrates in the world 
(Bogan 1993; Araujo & Ramos 2000; Young et al. 2001; Lydeard et al. 2004; 
Strayer et al. 2004; Strayer 2008). Mollusks include the highest number of 
recorded extinctions among major groups of animals (Lydeard et al. 2004; IUCN 
2009). Freshwater mussels contribute with many of those recorded extinctions 
(IUCN 2009). In North America, for example, 37 of the approximately 300 
species of native species are already extinct, and another 105 are imperiled or 
critically imperiled (Strayer 2008). Even though knowledge is still lacking in 
many regions of the world, global status of freshwater mussels include a 
significant proportion of endangered or extinct species, much greater than other 
groups of animals (Fig. 1.5). 
 
The causes for the decline of freshwater mussels are well known, including 
habitat destruction and degradation, pollution, native freshwater fish species‟ 
decline, invasive species and overexploitation (Bauer 1988; Bogan 1993; Neves 
1999; Araujo & Ramos 2000; Young et al. 2001; Lydeard et al. 2004; Reis 2006; 
Strayer 2006). Strayer (2006) considers global climate change as a potential 
threat for the conservation of freshwater invertebrates. These human activities 
gradually reduce the distribution range of species, leading, according to Strayer 
(2008), to 1) a diminished role of unionoid species in local communities and 
ecosystems; 2) loss of genetic diversity within species; 3) increased distance and 
reduced dispersal among the remaining populations, which may lead to further 
losses of populations due to metapopulation dynamics; and 4) increased risk of 
extinction for species. The decline of freshwater mussels can result in large 
alterations of ecosystem processes and functions (Vaughn & Hakenkamp 2001; 
Strayer 2008). 
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Figure 1.5. Global conservation status of unionoid mussels and vertebrates 
(data from IUCN 2009). 
 
 
Habitat destruction and degradation due to dam construction has been identified 
as being probably the primary cause for freshwater mussels decline (Bogan 
1993; Layzer et al. 1993; Watters 1996; Neves 1999; Vaughn & Taylor 1999; 
Lydeard et. al. 2004; Strayer 2006). Rivers that are moderately or strongly 
affected by dams cover more than half of the world (Strayer 2006). Dams create 
a reservoir that is inadequate for running-water species, significantly modify the 
hydrology of the river downstream of the dam, and constitute a barrier for 
species dispersal along the river (Layzer et al. 1993; Watters 1996; Neves 1999; 
Vaughn & Taylor 1999; Strayer 2006). Other significant causes of habitat 
destruction and degradation are channelization, dredging and sedimentation 
(Bogan 1993; Lydeard et al. 2004; Strayer 2006). Channelization modifies 
drastically the habitat. Dredging is known to have caused the elimination of 
whole mussel beds (Killeen et al. 1998; Aldridge 2000; Rafael Araujo, personal 
communication). Sedimentation is often a result of other habitat modifications 
such as dam construction, as well as of poor agricultural practices. One of the 
main impacts of sedimentation is reducing recruitment due to reduced oxygen 
concentrations in the interstitial substrate water, fundamental for the survival 
and development of juvenile mussels (Buddensiek et al. 1993; Gatenby et al. 
1997). 
 
Water quality and pollution have become major problems to freshwater mussels 
(Bauer 1986, 1988; Bogan 1993; Neves 1999, Lydeard et al. 2004; Strayer 
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2006). Pollution was considered the main cause of decline of Margaritifera 
margaritifera in Europe (Bauer 1986, 1988). Mouthon (1996) compared the 
sensitivity of mollusks to biodegradable pollution and concluded that unionids are 
the first to be eliminated by pollution. Reduced water quality often causes the 
reduction of oxygen concentration in the water. Chen et al. (2001) stated that 
the oxygen regulation ability of freshwater mussels is related to the degree of 
hypoxia a species normally experiences in nature. The consequence of this is that 
oxygen depletion is more threatening to species that live in stable environments. 
Considering the life-cycle of freshwater mussels, it comes as no surprise that the 
decline of native freshwater fish fauna constitutes a threat for the conservation 
of freshwater mussels. Only two species are known to metamorphose without a 
parasitic stage in the wild (Barfield & Watters 1998; Nathan Johnson, personal 
communication). The disappearance of natural hosts for mussels‟ glochidia 
disrupts their reproductive cycle, so that recruitment of juveniles is no longer 
possible. Because unionoid mussels are long-lived, the failure in recruitment 
causes the gradual aging of populations, which can survive for decades before 
actually becoming extinct (Bogan 1993; Araujo & Ramos 2000, 2001; Young et 
al. 2001). Many studies have aimed at finding suitable hosts for different 
unionoid species, as this is a key element for their conservation (Lefevre & Curtis 
1912; Stern & Felder 1978; Zale & Neves 1982; Berrie & Boize 1985; Haag & 
Warren Jr. 1997; O'Dee & Watters 1998; Araujo et al. 2001; Blažek & Gelnar 
2006). 
 
 A relatively recent threat to freshwater mussels, but one with a potential to 
become one of the major concerns for their conservation, is the introduction of 
invasive species (Bogan 1993; Lydeard et al. 2004). By far the most threatening 
species are the zebra mussel, Dreissena polymorpha, and the Asian clam, 
Corbicula fluminea. Both have expanded their ranges far beyond their natural 
distribution areas and have been shown, especially the zebra mussel, to cause 
the decline or extinction of native freshwater mussels‟ populations (Bogan 1993; 
Parker et al. 1998; Ricciardi et al. 1998; Neves 1999; Yeager et al. 1999; 
Burlakova et al. 2000; Lydeard et al. 2004; Strayer 2006). Invasive bivalves 
compete with native mussels for resources and can modify drastically the water 
quality and substrate. Introduced fish species pose another threat to freshwater 
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mussels by significantly contributing for the disappearance of native fish faunas 
(Ribeiro et al. 2009), which are essential as hosts for unionoids. 
 
Overexploitation has been a major cause of decline of some freshwater mussels‟ 
species in some areas of the world, but much of its impacts have decreased or 
ceased altogether because the associated industries have decreased in 
importance or are now extinct. The freshwater pearl mussel Margaritifera 
margaritifera has been heavily harvested in Europe for freshwater pearls, but 
that activity is now extinct (Young et al. 2001). In the United States, mussels 
from the Mississippi drainage support a multi-million dollar commercial shell 
industry for the manufacture of buttons (Neves 1999). This activity is now 
regulated and managed to prevent overexploitation. 
 
From what was said before, it is natural to expect that not all unionoid taxonomic 
groups are threatened in the same way. For example, Anodonta species appear 
to have been little affected by human activities (Strayer 2008). These differences 
are related to functional traits of the species, ultimately with their life-history. 
The range of fish hosts that a given species can use has been shown to affect the 
risk of becoming imperiled (Strayer 2008): species with many possible hosts are 
less likely to become endangered than those using just a few species. Plasticity 
in other life-history traits like growth and reproductive strategies has been 
demonstrated in species such as Margaritifera margaritifera (Bauer 1987, 1992) 
and Unio crassus (Hochwald 2001). The long term effects of changes in life-
history traits are largely unknown. For instance, reduced life spans caused by 
increased temperatures have been argued to potentially increase the risk of 
extinction for Margaritifera margaritifera (Bauer 1991). 
 
Because of their current status, the recovery of some freshwater mussels‟ 
populations can only be achieved by actively promoting recruitment. Artificial 
propagation has been used for such purposes in a number of occasions (Neves 
1999), and is likely to be expanded to many species. The action plans of many 
species already include this action as a necessity for recovery (e.g. Araujo & 
Ramos 2000). This of course can only be successful if efficient protection to the 
habitat is also achieved. Each country or region has its own legal instruments to 
protect species and habitats. In Europe the Habitats Directive (Council Directive 
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93/43/EEC of 21 May 1992 on the conservation of natural habitats and of wild 
fauna and flora) was created to this purpose, and Margaritifera auricularia, M. 
margaritifera, Unio crassus, U. mancus (=U. elongatulus) and Microcondyleae 
bonelli (=M. compressa) were listed as requiring conservation or management 
actions. 
 
 
1.4 Objectives and Structure of the thesis 
The main objective of this dissertation was to clarify the systematics, taxonomy 
and distribution of the Iberian freshwater mussel historically identified as Unio 
crassus, to study the taxon‟s main biological and ecological features and to 
evaluate the conservation challenges it faces. Systematics and distribution were 
studied over a large area comprising the Iberian Peninsula and Northern Africa 
(Morocco, Algeria and Tunisia), while the biology and ecology were studied in the 
Guadiana River Basin, with particular emphasis to the only known pristine river 
with a healthy population, the Vascão River. The specific objectives of this 
dissertation were: 
 
1) To evaluate the diversity of freshwater mussels from Portugal, and explore 
the potential utility of morphological and molecular characters to identify 
and study their systematics and variability; 
 
2) To clarify the systematics, taxonomy and distribution of the Iberian 
freshwater mussel historically identified as Unio crassus, describing all 
potentially useful characters in the context of other Iberian and Central 
European freshwater mussel species (after this study Unio tumidiformis 
was considered the correct name for the Iberian unionid historically 
identified as Unio crassus); 
 
3) To study the parasitic stage of the life-cycle of Unio tumidiformis, identify 
suitable hosts and determine metamorphosis conditions, and to evaluate 
the implications for conservation and management as well; 
CHAPTER 1 - INTRODUCTION 
23 
4) To determine the life-history patterns of Unio tumidiformis in a non-
threatened population and determine the possible role of such patterns in 
the resilience of populations to disturbance. 
 
Unio tumidiformis was described in 1885 by Castro but has been often identified, 
until very recently, either as the Central European Unio crassus or the Iberian 
Unio delphinus (a species itself misidentified as the Central European Unio 
pictorum until very recently). For this reason, the study area for systematics and 
distribution had to comprise the whole Iberian Peninsula and include the study of 
Unio crassus specimens from Central Europe as well. Also, because records of a 
Unio crassus-like species existed from northern Africa, this geographic area was 
also included. The collections of unionids from these areas at the Natural History 
Museums in Portugal, Madrid and Paris were studied (Appendix I). The candidate 
led sampling campaigns throughout Portugal and Galicia (Spain) and participated 
in others in Andalucía, Aragón and Catalonia (Spain) as well as in Morocco from 
the Oum er Rbia River Basin to the border with Algeria. On the course of the 
study very few populations were found, most in the Guadiana River Basin, and of 
these, only one was considered not threatened because of relatively high 
abundances, significant longitudinal distribution, balanced population structure 
and pristine habitat and fish fauna. This population, located in the Vascão River, 
was thus selected for most bio-ecological studies. 
 
The dissertation is structured as follows: 
 
o Chapter 1 is the general introduction, which outlines the background 
information on the subject and states the problem; 
 
o Chapters 2 to 5 deal with the specific aims of the research, and include 
four papers published or submitted for publication in international peer-
reviewed journals. 
 
 
 Chapter 2 addresses the diversity and evolution of the family 
Unionidae in Portugal as inferred by a morphological and molecular 
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study and the potential implications for the systematics of the 
group (submitted to Malacologia). 
 
 The systematics, distribution, general biology and ecology of Unio 
tumidiformis is addressed in chapter 3 by a paper entitled 
“Redescription of Unio tumidiformis Castro, 1885 (Bivalvia, 
Unionidae), an endemism from southwestern Iberian Peninsula” 
(published in the Journal of Natural History). 
 
  In chapter 4 the parasitic stage of Unio tumidiformis is studied in 
detail, including the identification of potential host fish and the 
study of the duration, processes and conditions for successful 
metamorphosis of the mussel‟s glochidium (submitted to Folia 
Parasitologica). 
 
 In chapter 5 the life-history traits of Unio tumidiformis, including 
growth, longevity and reproduction, were studied in the Vascão 
River population for the period from 2002 to 2008, related to 
various environmental factors and discussed in the context of 
variable flow regimes and global climate change; this topic is 
presented in a paper submitted to Freshwater Biology.  
 
 
o Chapter 6 presents a general discussion, contrasting our results with 
published information and evaluating the consequences of the presented 
findings for the conservation and management of Unio tumidiformis. 
o  
o Chapter 7 includes the final remarks where the most relevant conclusions 
are highlighted and new questions are raised. 
 
o Appendix I lists the most relevant collection lots studied in the Natural 
History Museums of Lisbon, Coimbra, Porto (Portugal), Madrid (Spain) 
and Paris (France). The list includes all specimens that were collected in 
the Iberian Peninsula, specimens from elsewhere in Europe and northern 
Africa and a few from outside these regions (e.g. Diplodon specimens 
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from South America, because of the unresolved taxonomy of Unio 
wolwitchi Morelet, 1845, described from the Tagus River in Portugal, that 
appears in fact to belong to the Diplodon genus and is assumed to be a 
non-indegenous species). 
 
 
o Appendix II includes two other publications related to Unio tumidiformis in 
the Iberian Peninsula and co-authored by the candidate: “The Iberian 
Naiads” was published in Iberus and is a review of all Iberian freshwater 
mussels (order Unionoida), putting Unio tumidiformis status into context 
with other Iberian species, reinforcing its endemic nature, restricted 
distribution, scarce populations and reduced abundances. The spread of 
the invasive Corbicula fluminea in the Guadiana River Basin, and its 
potential impact for the conservation of Unio tumidiformis, were briefly 
addressed in the paper entitled “The Asian clam Corbicula fluminea 
(Müller, 1774) in the Guadiana River Basin (southwestern Iberian 
Peninsula): Setting the record straight”, published in Aquatic Invasions. 
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ABSTRACT 
Freshwater mussels from the family Unionidae are known to exhibit a high level 
of ecological phenotypic plasticity that is reflected in their shell shape. This 
variation has caused uncertainty on systematics and taxonomy of the group. In 
this study, populations from Portugal where analysed genetically, using two 
mitochondrial gene fragments (16S and Cytochrome Oxidase I) and 
morphologically, using traditional morphometric variables. Molecular 
phylogenetic analyses were used to revise the systematics and to infer an 
evolutionary hypothesis for the family at the western-most Atlantic Iberian 
Peninsula. Genetic and morphological data were in agreement and supported the 
occurrence of 5 species in the region: Anodonta anatina, Anodonta cygnea, 
Potomida littoralis, Unio tumidiformis and Unio cf. pictorum. The differentiation of 
all these species, except A. cygnea, is thought to have had place during the 
isolation of the Iberian Peninsula and formation of the current river basins in the 
Tertiary. The possibility of A. cygnea being a relatively recent introduction is 
discussed. Basic morphometric measures of the shell proved to be useful to 
separate Unio species, but also seem to be strongly affected by environmental 
conditions. The high intra-specific morphologic variation was partially related to 
the species high level of phenotypic plasticity, but seems to have an important 
role in evolutionary processes. 
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16S, COI, Iberian Peninsula, phenotypic plasticity, mitochondrial, molecular 
phylogeny, morphometry, Unionidae 
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INTRODUCTION 
Shells of freshwater mussels, particularly those of the family Unionidae, present 
an enormous morphological variability, though to be at least partially 
environmentally induced (Baker et al. 2003). This variability is nowadays mostly 
considered a consequence of high phenotypic plasticity, which can be defined as 
the capability of a genotype to change its phenotype according to the prevailing 
environmental conditions (Bijlsma & Loeschcke 2005). Therefore, the observed 
morphological diversity of freshwater mussels often does not reflect differences 
between evolutionary lineages with taxonomic value. However, it was this 
variability that led the 19th century researchers to believe in the existence of tens 
or hundreds of different species of unionids in certain areas such as Portugal (see 
review in Locard 1899). Molecular markers provide important tools for 
determining the systematic relationships and explaining the geographic patterns 
of different taxa, helping to overcome the difficulties arisen by the morphological 
variation. Therefore they have been recently used to study several freshwater 
mussel groups (Lydeard et al. 1996; Lydeard et al. 2000; Baker et al. 2003; 
Machordom et al. 2003; Huff et al. 2004; Campbell et al. 2005; Källersjö et al. 
2005; Graf & Cummings 2006). 
 
Nevertheless, even being amongst the most imperilled invertebrates in the world 
(Araujo & Ramos 2000; Young et al. 2001; Strayer et al. 2004), the systematics 
of unionids in several regions such as the Iberian Peninsula is still unresolved. 
Haas (1969) published the last systematic revision of this family that included 
the Iberian Peninsula fauna. In his work, Haas (1969) considered several “races” 
belonging to five widespread European species to occur in the Iberian Peninsula: 
Anodonta cygnea (Linnaeus, 1758), Potomida littoralis (Cuvier, 1798), Unio 
crassus Retzius, 1788, U. elongatulus C. Pfeiffer, 1825 and U. pictorum 
(Linnaeus, 1758). The systematics of the genus Potomida around its 
Mediterranean distribution has been neglected since Haas (1969), with Araujo 
(2008) stating that Potomida littoralis is the valid name for the Iberian species.  
In central Europe the systematics of the genus Unio has received some attention, 
with Badino et al. (1991), Nagel et al. (1998), Nagel (2000), Nagel & Badino 
(2001) and Källersjö et al. (2005) giving some insight about it, especially 
concerning the relationships of U. mancus with U. pictorum. Based on 
morphological, anatomical, reproductive and genetic characters, Araujo et al. 
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(2005) stated that the two Iberian Mediterranean Unio “races” considered by 
Haas (1969) belong to the species U. mancus Lamarck, 1819 (=U. elongatulus), 
while Reis & Araujo (2009) state that Unio tumidiformis is a valid species that 
corresponds to Haas‟ (1969) Unio crassus batavus. Araujo et al. (2009) consider 
Unio gibbus a valid species from Southern Spain. These studies show that the 
unionid species diversity in the Iberian Peninsula is not as low as suggested by 
Haas (1969) nor is it as high as believed in the late 19th century. Indeed it is not 
surprising that Iberian endemic species do in fact exist, as freshwater fauna in 
the Iberian Peninsula is generally much differentiated. Freshwater fish fauna for 
example, to which the naiads are coupled due to their life-cycle, is considered to 
include a significant amount of Iberian endemic species (Almaça 1995; Elvira 
1995). This fact derives partially from the historic isolation of the Peninsula and 
partially from its refuge nature in Europe during glacial ages. Recent studies 
indicate that the Atlantic Iberian Unio populations show some morphological 
differences comparing with central and northern European populations (Reis 
2006; Reis & Araujo 2009). Therefore, in this paper we follow the nomenclature 
suggested in those studies using the names U. tumidiformis and U. cf. pictorum 
to refer to the Iberian Atlantic Unio species. 
 
In Portugal, the study of Unionidae started with Morelet (1845), who considered 
the existence of 12 species, including seven described by himself. Later authors 
from Bourguignat‟s nouvelle école (Castro 1873, 1885, 1887; Locard 1899) 
described a large number of new species based on morphological features of the 
shell. Nobre (1941) considered all the species previously identified or described 
for Portugal to be synonyms of one of three species: A. cygnea, P. littoralis and 
U. pictorum. Haas (1940, 1969) added to this list U. crassus batavus Maton & 
Rackett, 1807 cited by Morelet (1845), Castro (1885) and Locard (1899), the 
latter two referring to four new species from Castro‟s authorship. New data about 
freshwater mussels in Portugal were only made available by Reis (2003, 2006). 
The distribution and morphologic variability of unionids in Portugal was described 
by Reis (2006) who used the classification of Haas (1969) but accepted A. 
anatina (Linnaeus, 1758) as a valid species. In fact, recent studies have 
confirmed the specific distinction of A. anatina from A. cygnea in central Europe, 
particularly based on genetic analysis results (Nagel et al. 1996; Nagel 1999, 
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Källersjö et al. 2005), and this distinction has been assumed in several other 
studies (Ellis 1978; Glöer & Meier-Brook 1998; Rolán 1998; Aldridge 1999). 
 
The aim of this paper is to contribute to the knowledge of the diversity of 
unionids from Portugal, which represents the westernmost distribution of this 
group in Europe, studying their genetic and morphologic variation as well as 
inferring their phylogenetic relationships and evolutionary history. Another 
objective was to evaluate if shell shape is useful for distinguishing naiad species 
from Portugal. 
 
METHODS 
Taxa and Specimens 
We collected specimens belonging to the three occurring Unionidae genera in 
Portugal (Anodonta, Potomida and Unio) from 27 rivers or streams belonging to 
nine river basins between 2001 and 2005, on the context of several projects. The 
location of sampling sites from where specimens were collected is shown in Fig. 1 
and Table 1. We also used two specimens of U. mancus from the river Ebro, 
previously sampled for another study (Araujo et al. 2005), to obtain 16S 
sequences for this species (GenBank accession number AN: EF536011 and 
EF536012). Sampling was based on searching the substrate with a glass bottom 
 
 
 
Figure 1. Location of sampling sites. Numbers refer to Table 1. 
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bucket and snorkelling. A number of measurements were taken from all 
specimens found (see below). A small tissue sample from the foot was taken 
from at least two specimens at each site. However, a few sites from which 
morphological data was available from early sampling years could not be 
sampled again for tissue (Table 1). We returned most specimens to the river 
immediately, while a few were kept in aquaria after tissue removal, to evaluate 
the effect of tissue removal on survival. All mussels with unusual morphological 
features for the considered species where kept in aquaria until molecular 
analyses were completed, so that the specimen was readily available if proven to 
be genetically distinct. Tissue samples were preserved either in pure ethanol or 
frozen at –80ºC. A few tissue samples were collected by gracious collectors who 
did not measure the specimens or made them available. Nevertheless, we 
included as many different sites as possible in both the morphological and 
molecular analyses; a total of 1017 and 76 specimens where studied for 
morphology and genetics respectively, having been collected from 31 localities. 
 
Morphologic data and analyses 
We measured three morphometric variables as defined by Badino (1982), Zettler 
(1997), Aldridge (1999) and Renard et al. (2000): shell length (SL), shell height 
(SH) and shell width (SW). Measurements were made with 1/20 mm accuracy 
callipers. We calculated the ratios SH/SL and SW/SL (Zetler 1997, Nagel 1999) 
and performed one way ANOVAS to compare them between species, “races” and 
river basins (considered basic evolutionary units for freshwater organisms), 
which were used as grouping factors. The unequal N HSD test was used to 
determine the significance of differences between the ratios of specific groups. 
The analysed ratios reflect certain aspects of the shell shape, such as relative 
height and obesity, which have been associated with environmental variables like 
water velocity (Eager 1978, Aldridge 1999). Discriminant analyses were 
performed using the Log-transformed table of morphometric variables for each 
genus and conducted on groups defined a priori based on the species considered 
by Reis (2006) and between Unio and Potomida “races” referred by Haas (1969). 
For all analyses the scores from root 1 were plotted against those from root 2 
with each point identified distinctly according to its taxonomic position and 
geographic origin. The ellipse option in STATISTICA® was used to estimate 95% 
confidence ellipses for the principal root scores of each group in order to visualize 
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Table 1. Portuguese populations studied, localities, number of specimens analysed and GenBank accession numbers for each 
gene. 
 
Locality River River Basin  Species N (Morphometry) 
GenBank accession 
number (16S) 
GenBank accession 
number (COI) 
1 Monção Minho Minho 
A. anatina 
P. littoralis 
30 
13 
- 
- 
- 
- 
2 Ponte-da-Barca Lima Lima U. cf. pictorum 20 EF571358- EF571359 EF571423-EF571424 
3 Vila Verde da Raia Tâmega Douro 
A. anatina 
U. cf. pictorum 
48 
15 
- 
- 
- 
- 
4 Mondim-de-Basto Tâmega Douro 
A. anatina 
U. cf. pictorum 
11 
5 
- 
EF571362- EF571363 
- 
- 
5 Quintanilha Maças Douro U. cf. pictorum 16 EF571360- EF571361 EF571425 
6 Miradeses Rabaçal Douro U. cf. pictorum 17 EF571373- EF571374 - 
8 River mouth Tua Douro U. cf. pictorum 10 EF571381 EF571436-EF571437 
7 Abreiro Tua Douro 
P. littoralis 
U. cf. pictorum 
2 
10 
- 
EF571345-  EF571346 
- 
EF571413-EF571414 
9 Mogadouro Sabor Douro 
A. anatina 
P. littoralis 
U. cf. pictorum 
3 
23 
18 
- 
- 
EF571377 
- 
- 
- 
10 Cilhade Sabor Douro U. cf. pictorum 2 EF571375- EF571376 EF571433 
11 Castelo Melhor Côa Douro 
A. anatina 
U. cf. pictorum 
26 
- 
- 
EF571353 
- 
EF571418-EF571419 
12 Escalhão Águeda Douro 
A. anatina 
Unio cf. pictorum 
32 
19 
EF571332 
EF571347- EF571348 
EF571387- EF571388 
- 
13 Nave Redonda Aguiar Douro A. anatina 80 EF571335 EF571389- EF571390 
14 Pateira de 
Fermentelos 
- Vouga A. cygnea 7 - EF571398 
15 Sever do Vouga Vouga Vouga 
A. anatina 
U. cf. pictorum 
4 
20 
- 
EF571382 - EF571383 
- 
EF571438-EF571439 
16 Pereira Mondego Mondego 
A. anatina 
P. littoralis 
U. cf. pictorum 
2 
3 
31 
- 
- 
EF571367- EF571368 
EF571391- EF571392 
EF571399 
EF571429 
17 Capinha Meimoa Tejo U. cf. pictorum - EF571364- EF571365 EF571426-EF571427 
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Table 1. (cont.) Portuguese populations studied, localities, number of specimens analysed and GenBank accession numbers 
for each gene. 
Locality River River Basin  Species N (Morphometry) 
GenBank accession 
number (16S) 
GenBank accession 
number (COI) 
18 Ladoeiro Aravil Tejo 
A. anatina 
U. cf. pictorum 
5 
25 
EF571333-EF571334 
EF571349-  EF571352 
- 
EF571415-EF571417 
19 Castelo Branco Pônsul Tejo U. cf. pictorum 36 EF571369- EF571372 EF571430-EF571432 
20 Abrantes Tejo Tejo 
A. anatina 
P. littoralis 
U. cf. pictorum 
29 
48 
25 
- 
EF571333 
EF571380 
EF571394- EF571395 
EF571401- EF571402 
EF571435 
21 Ouguela Xévora Guadiana 
A. anatina 
P. littoralis 
U. cf. pictorum 
- 
- 
20 
EF571336 
- 
EF571386 
EF571396- EF571397 
EF571404 
EF571442 
22 Safara S. Pedro Guadiana 
A. anatina 
U.tumidiformis 
2 
3 
- 
EF571341- EF571342 
- 
EF571409- EF571410 
23 Moura Guadiana Guadiana U. cf. pictorum 28 EF571354- EF571357 EF571420-EF571422 
24 Mertola Guadiana Guadiana 
P. littoralis 
U. cf. pictorum 
3 
30 
- 
EF571366 
- 
EF571428 
25 Beja 
Terges e 
Cobres 
Guadiana 
A. anatina 
U. tumidiformis 
U. cf. pictorum 
2 
1 
31 
- 
- 
- 
- 
- 
- 
26 Pulo do Lobo Limas Guadiana A. anatina 14 - - 
27 S. João Caldeireiros Oeiras Guadiana 
A. anatina 
U. tumidiformis 
U. cf. pictorum 
20 
1 
24 
- 
- 
- 
- 
- 
- 
28 Espirito Santo Vascão Guadiana 
A. anatina 
P. littoralis 
U. tumidiformis 
U. cf. pictorum 
26 
50 
15 
20 
- 
- 
EF571343- EF571344 
EF571384- EF571385 
- 
EF571403 
EF571411- EF571412 
EF571440-EF571441 
29 Várzea Odeleite Guadiana U. tumidiformis - EF571338 EF571405- EF571406 
30 Torre Vã Sado Sado 
A. anatina 
P. littoralis 
U. tumidiformis 
U. cf. pictorum 
29 
- 
5 
20 
- 
- 
EF571339- EF571340 
EF571378- EF571379 
EF571393 
EF571400 
EF571407- EF571408 
EF571434 
31 Saboia Mira Mira P. littoralis 35 - - 
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the overlap between the morphological characteristics of different groups. All 
calculations and graphics were prepared using STATISTICA® software (Statsoft 
2001).  
 
DNA extraction and amplification 
Tissue samples preserved in ethanol were ground to powder in liquid nitrogen or 
minced before adding 600 µl of CTAB lysis buffer (2% CTAB, 1.4 M NaCl, 0.2% 
ß-mercaptoethanol, 20 mM EDTA, 0.1 M TRIS [pH = 8]) and digested with 
proteinase K (100 µg/ml) for 1-2 days at 50 to 55ºC. Total DNA was extracted 
according to standard phenol/chloroform procedures (Sambrook et al. 1989). We 
amplified the COI and 16S partial sequences by polymerase chain reaction (PCR) 
using the following primers: 16sar-L-myt and 16sbr-H-myt (Lydeard et al. 1996) 
for 16S; and LCO1490 (Folmer et al. 1994) and COI-H 5‟-
TCAGGGTGACCAAAAAATCA-3‟ (6 bases shorter than the HCO2198 of Folmer et 
al., 1994) for COI. The PCR conditions and the purification of the segments were 
similar to those described in Machordom et al. (2003). The amplified fragments 
(around 700 bp) were purified by ethanol precipitation prior to sequencing both 
strands using “BigDye Terminator” (Applied Biosystems, Inc., ABI) sequencing 
reactions. Sequence gels were run on an ABI 3730 Genetic Analyser (Applied 
Biosystems). 
 
After removing the primers regions, the forward and reverse DNA sequences 
obtained for each specimen were aligned and checked using the Sequencher 
program (Gene Code Corporation). CLUSTAL X (Thompson et al. 1994) was 
employed to align the 16S gene sequences, and the resulting alignments were 
checked by eye. COI translation to protein was also undertaken using 
Sequencher. For comparison purposes we included sequences from other unionid 
species or from the same species collected in other areas (Table 2). We used 
Neotrigonia margaritacea (Lamarck, 1804), Margaritifera margaritifera 
(Linnaeus, 1758), Amblema plicata (Say, 1817) and Quadrula quadrula 
(Rafinesque, 1820) as outgroups in all analyses. 
 
Phylogenetic analyses 
Nucleotide saturation was evaluated by plotting transition and transversion 
changes against uncorrected ("p") divergence values. To evaluate the 
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Table 2: Taxa and respective sequences GenBank accession numbers used in 
phylogenetic analyses. 
 
Species Locality COI 16S 
Amblema plicata North America U56841 U72548 
Anodonta anatina 
Anodonta anatina 
Poland 
Sweden 
AF462071 
DQ060168 
- 
DQ060165 
Anodonta cygnea 
Anodonta cygnea 
Anodonta cygnea 
Austria 
Poland 
Europe 
AF232824 
AF461419 
U56842 
AF232799 
- 
- 
Margaritifera margaritifera Pontevedra, Spain AF303316 AF303281 
Neotrigonia margaritacea Australia U56850 DQ280034 
Potomida (=Psilunio) 
littoralis 
Canal Imperial de Aragón, 
Spain 
AF303349 AF303308 
Quadrula quadrula North America AF232823 AF232798 
Cafferia caffra South Africa AF156500 and 
AF156501 
- 
Unio crassus 
Unio crassus 
Poland 
Sweden 
AF514296 
DQ060174 
- 
DQ060162 
Unio mancus Ebro river, Spain AY522858 and 
AY522857 
- 
Unio pictorum 
Unio pictorum 
Unio pictorum 
Sweden 
- 
Austria 
DQ060175 
AF231731 
AF156499 
DQ060163 
- 
- 
Unio tumidus 
Unio tumidus 
Unio tumidus 
Sweden 
- 
Poland 
DQ060176 
AF231732 
AY074807 
DQ060161 
- 
- 
Pseudanodonta complanata Sweden DQ060173 DQ060166 
 
phylogenetic relationships among the taxa sampled and among the populations 
of each taxa, the principles of parsimony (MP) and maximum likelihood (ML) 
were applied. The evolutionary molecular model that best fit our data was 
selected using MODELTEST 3.06 (Posada & Crandall 1998) under Akaike 
information criterion (Akaike 1974). According to this, we used GTR (General 
Time Reversible model, Lavane et al. 1984; Rodríguez et al. 1990) distance. 
Parsimony analysis was performed by heuristic searches under TBR branch 
swapping and random taxon addition using the PAUP* 4.0b10 package (Swofford 
2002). Maximum likelihood analyses also were run in PAUP, using the model and 
parameters selected by MODELTEST, through neighbor-joining or heuristic 
searches. We estimated support in the MP and ML analyses by bootstrapping 
(1000 pseudo replications) (Felsenstein 1985). 
 
Each gene was analysed independently. To consider the information of both 
genes together, congruence among tree topologies of COI and 16S rDNA genes 
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was assessed by the partition homogeneity test in PAUP* (Mickevich & Farris 
1981; Farris et al. 1994). 
 
We also performed Bayesian analyses to estimate the posterior probability of the 
nodes in the phylogenetic trees. MrBayes (Huelsenbeck & Ronquist 2001) was 
run with 6 substitution types (nst=6), and considering gamma-distributed rate 
variation as well as the proportion of invariable positions for the two genes 
combined (but independently analysed). For the COI gene, a partition by codon 
position was also taken into account. The MCMCMC (Metropolis-coupled Markov 
chain Monte Carlo) algorithm with four Markov chains was used for 5,000,000 
generations, with a sample frequency every 100 generations, and eliminating 
10% of the first trees obtained since they did not reach the stationarity of the 
likelihood values. 
 
RESULTS 
Morphometry 
The ratios SH/SL and SW/SL showed a high variability between populations from 
different river basins for all species (Fig. 2). The performed ANOVAS using 
species, “races” and river basins (per species) as grouping factors were all 
significant at p<0.01. The unequal N HSD test showed that the values for both 
ratios were significantly higher for U. tumidiformis than for U. cf. pictorum 
(p<0.01; Fig. 2), which can be translated in that the shell of U. tumidiformis is 
higher and wider than that of U. cf. pictorum. We also found that the SW/SL ratio 
was significantly higher in Haas‟ (1969) U. p. delphinus when compared with U. 
p. mucidus (unequal N HSD, p<0.01), but no significant differences were found 
for SH/SL. On the other hand the SH/SL ratio was significantly higher for P. l. 
umbonatus when compared to P. l. littoralis (p<0.01), while no significant 
differences for SW/SL were found between these two “races” described by Haas 
(1969). Despite these results, there were numerous overlapping values between 
the ratios of Haas‟ (1969) “races” of U. pictorum and P. littoralis. This was also 
evident between river basins, which presented a highly variable pattern (Fig. 2). 
The trend for high inter-basin variability was maintained for A. anatina. Even 
though the shells of A. cygnea appeared wider than A. anatina (higher SW/SL 
ratio, Fig. 2), we found no significant differences for the two analysed ratios 
using the unequal N HSD test. 
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Figure 2. Variation of SH / SL and SW / SL ratios within river basins for each 
species. Boxes show variation between the 25% and 75% quartiles, inner 
square is the median, whiskers represent the non-outlier range, outer circles 
are outliers and asterisks are extremes. A-B: Anodonta; C-D: Potomida; E-F: 
Unio. 
 
 
The discriminant analyses could not separate efficiently the populations, “races” 
or species considered within the genera Anodonta and Potomida. However, the 
discriminant analysis gave some optimal combinations of the variables (SL, SH 
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and SW) for Unio species and “races” and the first function (root 1) provided the 
best overall discrimination  between groups (Wilks‟ lambda: 0.605;  approximate 
F(6,924) = 44.048; p=0.0). The pooled within-group correlations of variables with 
the respective discriminant functions (canonical) can be considered as the factors 
loadings of the respective variables on the discriminant functions (Statsoft 
2001). The first canonical root (root 1) showed a moderate and un equal positive 
correlation with SL, SH and SW. The correlation values were very distinct for the 
three variables, indicating that root 1 is more a measure of the shell shape 
rather than its overall size. The discriminate function associated to this root 
accounted for 90% of the total variance. The second canonical root (root 2) was 
strongly and nearly equally correlated to the three variables (SL, SH and SW) 
and thus the corresponding discriminant function is more strongly associated to 
the overall shell size. Therefore, shape (associated to the first discriminant 
function) is mainly responsible for distinguishing U. tumidiformis from U. cf. 
pictorum, while the size of the shell (associated with the second discriminant 
function) accounts for part of the variation within each group (Fig. 3). Neither 
function could effectively discriminate between Haas‟ (1969) U. p. mucidus and 
U. p. delphinus “races” (Fig. 3). There was also a small overlap of the 95% 
confidence ellipse of U. tumidiformis with those of the other groups. 
 
 
Figure 3. Relationship between scores on Root 1 and Root 2 for the discriminant 
analysis for shell measurements of Portuguese Unio species and “races” sensu 
Haas (1969). Ellipses encompass 95% confidence limits for each species / 
“race”. 
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Sequence characteristics and variation 
We obtained 113 sequences (56 COI and 57 16S) for the 76 specimens 
examined, resulting in 1163 characters (657 for COI and 506 for 16S). Within 
these sequences, 38 specimens were characterized with both genes. The 16S 
alignment required the inclusion of several gaps to compare all analysed 
sequences. We only used somatic tissue from the foot and there was no evidence 
of heteroplasmy or doubly uniparental inheritance (DUI, Hoeh et al. 2002) 
among the specimens analysed. Base composition was homogenous in all taxa 
analysed, even though proportions of some bases were biased. It is worth noting 
the extreme conservation of the second codon position of the COI gene, with 
only two substitutions found. A perfect correlation was obtained plotting all 
substitutions against uncorrected („p‟) distances for both genes (not shown). 
However, a trend to saturation was obtained for transitions in third position of 
the COI gene in pair wise comparisons, with divergences greater than 15%. As 
the divergences between different genera, especially between ingroups and 
outgroups, were sometimes above this value (Table 3), saturation might mask 
the relationships between them, since homoplastic characters could lead to the 
underestimate of divergence.  
 
The mean sequence divergence for both genes within the same species and 
considered geographic unit, ranged from 0% (for 16S sequences of U. mancus) 
to 0.5% (for COI sequences of U. cf. pictorum), with the exception of P. littoralis 
(16.4% mean divergence between GenBank sequence AF120652 and all other P. 
littoralis sequences) and U. crassus (3.2% COI sequence divergence between 
specimens from Poland and Sweden). We did not have access to the specimen 
correspondent to the GenBank sequence AF120652, but it clearly does not 
belong to the genus Potomida (see below). It is worth noting the high haplotype 
diversity found in specimens from the Southern basins (Sado and Guadiana). All 
analysed specimens of A. anatina and P. littoralis from these basins showed 
unique haplotypes. Fifty percent of COI and 57% of 16S sequences obtained for 
U. tumidiformis, which occurs only in these basins, were unique haplotypes, 
contrasting with 41% of COI and 14% of 16S sequences for U. cf. pictorum, a 
widespread species. For this last species, 41% and 50% of total COI and 16S 
haplotype diversity respectively were unique to the Guadiana Basin. 
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Table 3. Mean nucleotide divergences values between the different taxa analysed based on COI sequences. Hyphens indicate 
that intrapopulation divergence could not be calculated. 
 
N  Species                   
   COI                  
   A                  
8 A.  Anodonta anatina 
(PORTUGAL-N) 
0.2 B                 
3 B.  A. anatina 
(PORTUGAL-S) 
1.6 0.5 C                
1 C.  A. anatina (SWEDEN) 3.0 2.7 - D               
4 D.  A. cygnea 13.5 13.7 13.8 0.1 E              
1 E.  Pseudanodonta 
complanata 
11.2 11.5 11.2 11.8 - F             
1 F.  Amblema plicata 16.1 16.2 16.5 14.9 15.5 - G            
7 G.  Potomida littoralis 16.9 16.8 17.1 15.9 16.1 14.5 0.3 H           
1 H.  Quadrula quadrula 19.2 20.0 18.8 16.4 15.9 11.9 16.4 - I          
1 I.  Unio sp. 15.5 15.6 14.4 16.0 14.6 15.0 16.4 16.5 - J         
2 J.  U. caffer 16.1 16.1 15.8 16.0 14.0 15.0 15.7 15.7 4.9 0.2 K        
2 K.  U. crassus 14.8 15.3 15.6 16.2 14.5 15.3 16.0 15.6 9.8 10.3 3.2 L       
8 L.  U. tumidiformis 
(PORTUGAL) 
15.5 16.3 16.0 14.5 14.4 14.8 14.8 15.9 11.3 12.4 8.7 0.6 M      
2 M.  U. mancus 14.4 14.8 13.7 16.1 14.3 14.7 17.1 15.9 4.8 4.8 10.9 12.0 0.2 N     
4 N.  U. pictorum 16.2 16.3 15.5 16.2 14.4 15.8 15.9 15.9 4.4 3.4 10.8 11.6 4.0 0.4 O    
30 O.  U. cf. pictorum 
(PORTUGAL) 
15.0 15.0 14.4 16.4 13.9 14.7 16.2 16.0 4.7 5.1 10.5 11.2 4.1 4.2 0.5 P   
3 P.  U. tumidus 12.5 12.8 12.4 14.5 12.8 14.3 16.0 16.1 11.6 11.2 12.2 12.3 10.8 11.3 12.3 - Q  
1 Q.  Margaritifera 
margaritifera 
19.0 19.1 18.6 18.1 18.4 16.6 19.3 17.6 19.2 18.2 18.6 17.6 18.8 18.6 17.8 17.1 - R 
1 R.  Neotrigonia 
margaritacea 
23.5 24.3 24.0 24.0 23.5 24.5 23.3 23.1 23.3 24.1 22.7 22.9 24.9 24.8 24.5 22.3 23.2 - 
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Table 3 (Cont.). Mean nucleotide divergences values between the different taxa analysed based on 16S rRNA sequences. 
Hyphens indicate that intrapopulation divergence could not be calculated. 
 
N  Species                  
   16S                
   A                
4 A. Anodonta anatina 
(PORTUGAL-N) 
0.2 B               
1 B. A. anatina (PORTUGAL-S) 1.5 - C              
1 C. A. anatina (SWEDEN) 1.0 1.1 - D             
1 D. A. cygnea 5.0 5.4 4.8 - E            
1 E. Pseudanodonta complanata 5.7 6.0 4.5 6.2 - F           
1 F. Amblema plicata 15.3 14.6 14.3 15.2 14.1 - G          
2 G. Potomida littoralis 15.5 15.3 13.2 16.3 14.9 13.1 0.0 H         
1 H. Quadrula quadrula 14.0 14.7 14.6 14.5 13.9 15.2 17.0 - K        
1 K. U. crassus 10.6 11.6 9.6 10.7 11.4 14.2 13.4 15.3 - L       
7 L. U. tumidiformis (PORTUGAL) 10.7 11.7 9.7 11.8 11.9 15.0 12.8 15.9 4.0 0.3 M      
2 M. U. mancus 8.6 9.6 7.4 9.9 9.8 12.6 12.1 14.5 3.9 5.9 0.0 N     
1 N. U. pictorum 9.1 10.0 7.9 10.4 10.2 13.4 12.8 15.3 4.5 4.8 0.6 - O    
42 O. U. cf. pictorum (PORTUGAL) 9.2 10.0 7.9 10.5 10.2 13.7 12.8 15.3 4.5 4.8 1.7 1.5 0.2 P   
1 P. U. tumidus 10.7 10.7 9.0 10.0 10.0 13.2 11.9 14.6 6.8 7.2 5.2 5.0 6.2 - Q  
1 Q. Margaritifera margaritifera 21.2 21.6 20.6 23.5 23.1 24.2 20.8 24.3 21.6 21.0 21.4 21.6 21.6 21.0 - R 
1 R. Neotrigonia margaritacea 36.1 37.7 36.1 32.3 37.0 31.5 36.6 32.9 37.3 36.5 36.9 37.1 36.5 36.4 33.2 - 
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Phylogenetic analyses 
No significant differences between the topologies for COI and 16S were found 
using the partition homogeneity test (as implemented by PAUP) (p=0.3). We 
could therefore combine both data sets for most analyses. The phylogenetic 
analysis of the combined data set resulted in a tree where all unionids from 
Portugal were included in two clades: one comprising Anodonta and Unio 
(Bayesian posterior probability bpp=1 and bootstrap index 82% according to MP 
and 90% according to ML) and another well supported clade including Iberian P. 
littoralis (bpp=1, bootstrap values 100% MP and 98% ML) (Fig. 4). Anodonta 
formed with Pseudanodonta a well supported monophyletic clade (bpp=1, 
bootstrap values 98% MP and 96% ML) which included three clades, 
corresponding to the nominal species A. anatina, A. cygnea and Pseudanodonta 
complanata. The relationships between these three lineages were not resolved. 
Portuguese A. anatina were included in a clade (bpp=1, bootstrap values 100% 
MP and 98% ML) with Swedish A. anatina as a sister group. The genus Unio 
appeared in this study monophyletic (bpp=1, bootstrap values 88% MP and 71% 
ML), with U. tumidus as the basal branch of the clade. A second split separated 
the U. crassus group (sensu Haas, 1969) from the remaining species. All 
analyses recovered a very well supported clade that included all U. tumidiformis 
(bpp=1, bootstrap value 100% MP and ML) having U. crassus from Sweden as a 
sister group. The divergence between these two taxa was considerable (mean 
8.7% COI and 4% 16S). U. tumidiformis from different localities showed a 
tendency for grouping in separated clades. Finally, U. mancus, U. pictorum and 
U. cf. pictorum formed well differentiated lineages belonging to the same clade in 
all analyses. The clade comprising U. mancus and U. pictorum was only 
supported by MP (bootstrap value 74%), and was the sister group to U. cf. 
pictorum (bpp=1, bootstrap value 100% MP and 96% ML). Within the U. cf. 
pictorum, specimens from basins of the same geographic area tended to cluster 
together, but at least a few specimens from geographically distant basins where 
included in those clades. Sequences from specimens corresponding to Haas‟ 
(1969) Potomida and Unio “races” did not form clades that could support the 
taxonomic value of those “races”. 
 
The separate analyses of the COI and 16S sequence fragments, which included a 
higher number of specimens, lead to similar results. The phylogenetic 
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relationships indicated by the analyses of the 16S sequences (figure not shown) 
were very much like those retrieved by the combined analysis, but failed to 
provide support for many clades, especially within the U. mancus / U. pictorum / 
U. cf. pictorum  group. The  phylogenetic  tree  based on the analysis of the COI 
 
 
 
Figure 4. Phylogenetic relationships inferred from the combyned analyses of COI 
and 16S. Numbers above branch or first in order represent Baysian posterior 
probability x 100. Numbers below branch, or respectively second and third in 
order, are bootstrap values for Maximum Parsimony/Maximum Likelihood. 
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sequences (figure not shown) was similar to the one obtained by the combined 
analyses, but provided further information by adding one Portuguese specimen of 
A. cygnea, several sequences from A. anatina and P. littoralis from Portugal, one 
U. crassus sequence from Poland, the GenBank sequence AF120652 and an 
additional species, Cafferia caffra (Krauss, 1848). The A. cygnea sequence from 
Portugal was included in a well supported clade with A. cygnea sequences from 
other European regions (bpp=1, bootstrap values 100% MP and 98% ML) with a 
mean divergence of 0.1%. A split in the Portuguese A. anatina between southern 
basins (Sado and Guadiana) and central and northern basins was evident (mean 
divergence of 1.6%). The U. crassus sequence from Poland joined the one from 
Sweden (bpp=0.9, bootstrap values 100% MP and 92% ML) in a clade that was 
sister group of U. tumidiformis. Finally, AF120652 and C. caffra joined the U. 
mancus / U. pictorum / U. cf. pictorum group, but no further insight was 
obtained about the relationships within this group, which presented divergences 
between lineages from 3.4% (U. pictorum vs. C. caffra) to 5.1% (U. cf. pictorum 
vs. C. caffra). 
 
DISCUSSION 
Genetic diversity, phylogeny and taxonomic implications 
Both genes showed a similar phylogenetic signal among the analysed taxa, even 
though the 16S was considerably more conservative and showed very little 
intraspecific variation, a common observation within Unionoidea (Lydeard et al. 
2000; Machordom et al. 2003). 
 
Our analyses supported six well differentiated unionid lineages in Portugal, 
belonging to the genus Anodonta (3), Potomida (1) and Unio (2). Of these, only 
one could be confirmed beyond doubt to belong to a European widespread 
species: A. cygnea. The occurrence of A. cygnea in Portugal confirms the findings 
of Nagel et al. (1996), who analysed specimens collected from the same lake 
system in central western Portugal, from where our specimen was collected. 
Although considered to be a species widespread in Portugal and the Iberian 
Peninsula (Azpeitia 1933, Nobre 1941; Haas 1969), it was only found in one 
locality of our sampling scheme. All other Anodonta specimens were included in a 
common clade with A. anatina from Sweden, with divergences between 
Portuguese and Swedish sequences up to 3% for COI and 1% for 16S. Avise 
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(2000) state that mitochondrial intraspecific divergences are rarely greater than 
2%, so the possibility remains that these were two different species. Further 
studies with other molecular markers and using other characters would help 
clarify this issue. Portuguese A. anatina were found to split between two 
genetically distinct groups, a northern and a southern clade. This probably 
indicates an evolutionary trend, but the low divergences for both COI and 16S 
between the northern and southern clades do not allow by their own to consider 
that they correspond to different taxa. It is worth noting that the 16S divergence 
between the two Portuguese lineages (1.5%) is larger than the one between 
either and the A. anatina from Sweden (1.02 to 1.1%). All considered we do not 
have enough genetic evidence to refute the identity of these three lineages as A. 
anatina. 
 
All analysed Potomida littoralis specimens were included in a homogenous 
Iberian clade. Although we found a considerable haplotype diversity (six different 
COI haplotypes among six analysed specimens), we found no evidence that 
supported the occurrence of a northern Iberian taxon (P. littoralis littoralis) and a 
southern taxon (P. littoralis umbonatus) as suggested by Haas (1969). The 
absence of available mitochondrial sequences from specimens occurring outside 
the Iberian Peninsula makes it impossible to draw any conclusion about the 
systematic position of this taxon in the context of its distribution range. 
The inclusion of Portuguese Unio in two well differentiated clades, related to 
some extent respectively with U. crassus and U. pictorum, confirms the 
classification from Haas (1969), who considered the occurrence of two taxa in 
Portugal, which were included in the crassus and pictorum groups. U. cf. 
pictorum was included in an unresolved clade containing U. pictorum and U. 
mancus as well. Badino et al. (1991), Nagel (2000) and Nagel & Badino (2001) 
supported the close relationship between U. pictorum and U. mancus. However, 
Araujo et al. (2005) provided solid evidence to support them as different species 
based on molecular studies. The similar genetic divergences between all lineages 
within this group associated to some known morphological differences (Haas 
1969) seem to support that the Iberian U. cf. pictorum is also a distinct species. 
We were unable to determine if the unresolved phylogenetic relationships 
between the lineages comprised in this group corresponded to a rapid 
cladogenetic event or simply the lack of phylogenetic signal considering the 
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analysed gene fragments. If not a true polytomy, it indicates a rapid succession 
of independent cladogenetic events (Slowinski 2001), that might be detected by 
increasing the number of gene fragments analysed (Page & Holmes 1998, Robalo 
et al. 2007), revealing previously hidden phylogenetic relationships. According to 
the analyses of COI, another two lineages were included in this problematic 
group: one comprising the GenBank sequence AF120652, identified as P. 
littoralis in Giribet & Wheeler (2002) and the African Cafferia caffra, known from 
the southern area of this continent. Although not included in this study, the 
French and Italian varieties of U. mancus should belong to this group as well. It 
seems therefore clear that for resolving the phylogenetic relationships within this 
vast group, it is essential to analyse specimens from other parts of Europe, in 
particular around the Mediterranean, as well as from northern Africa. Within the 
crassus group, the phylogenetic patterns and high genetic divergences confirm 
that U. tumidiformis is a species well differentiated from its central and northern 
European relatives, as stated by Reis & Araujo (2009). 
 
Origin and evolution 
Biogeographical relationships among freshwater mussels are complex and 
integrate very distinct features over a long period of time, going back more than 
200 Million years if we consider the Triassic origin of Unionoida (Haas 1969; Graf 
& Cummings 2006). Being sedentary animals, their dispersal depends largely of 
the hosts for their parasitic larvae. This association between freshwater mussels 
and their host fish certainly drives population-level processes (Graf 1997; 
Vaughn & Taylor 2000) but their phylogeny should reflect events such as the 
breakup of Pangaea in the Mesozoic, continental watershed evolution during the 
Tertiary and Pleistocene glaciations (Davis & Fuller 1981; Graf & Cummings 
2006). The phylogenetic and biogeographic patterns observed may be often 
complicated by later gene flow. Nagel (2000) related the population structure of 
U. pictorum in central Europe to river connections during glacial ages and to 
artificial canals built in the past centuries. Machordom et al. (2003) suggested 
that there might have been recent gene flow between European and North 
American M. margaritifera populations by mean of the introduction of infected 
host fish. The Iberian Peninsula constituted a refuge during glaciations, and 
artificial connections between river systems, especially in Portugal, are not as 
widespread as in central Europe, so that the phylogenetic structure of Unionidae 
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should reflect more ancient processes. Nevertheless, A. cygnea showed 
practically no divergence between Iberian and central European populations. 
Considering that the rate of change of COI for this species should not differ 
significantly from that of A. anatina, this would either imply a null evolution rate 
(not probable) or a constant and significant genetic flux between populations, 
which owing to its rarity in Europe (Glöer & Meier-Brook 1998) is even less 
probable. A more likely origin for this species is by relatively recent introduction, 
specially taking into account the diversity and abundance of introduced fishes in 
the lakes it inhabits. If this is the case, it dates back more than 160 years, as 
reliable accounts for the species for central Portugal exist since Morelet (1845). 
The Iberian unionids were not found monophyletic. All taxa were either more 
closely related to central European species than other Iberian ones, or the 
relationship between them could not be resolved. This implies multiple origins for 
this diversity, as was suggested for other groups (Sanjur et al. 2003). Many 
geographical sampling gaps are still needed to fill before resolving the U. 
pictorum / U. mancus group phylogenetic relationships, namely the Spanish 
Pyrenees and most of the Mediterranean European and African area. The 
observed polytomy between these taxa is not necessarily a “hard” one, but 
indicates a relatively rapid radiation (Slowinski 2001). In fact, the similarity of 
genetic divergences between each taxon and the vast geographic area they 
occupy all together, suggest a common widespread ancestor that was isolated in 
several areas where it could evolve separately. This could have happened 
through watershed evolution: The endorrheic basins present in the Oligocene and 
Miocene would be the basis of the current Iberian diversity, much as they are 
argued to be for freshwater fish (Doadrio 1990; Sanjur et al. 2003; Robalo et al. 
2007). Some gene flux might have occurred at different times, including the ice 
ages, caused by river captures. Some degree of connection with central Europe 
might have been maintained through the lower extremes of the Pyrenees 
(Vargas et al. 1998). The same event can be the main factor explaining the 
observed diversity of A. anatina with the evolution of close related Portuguese 
and central / northern European lineages. The southern Portuguese lineage 
might be related to the endorrheic basins in the isolated Betic-Riff Massif, which 
remained isolated until the end of the Miocene, probably with its own endemic 
fauna (Vargas et al. 1998; Machordom & Doadrio 2001). 
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Finally, the high divergence between U. tumidiformis and the central / northern 
European U. crassus indicate a much older origin for the first taxon, early 
absence of gene flow or a combination of both. We hypothesize that it can derive 
from an ancestor that became isolated early in the long process of watershed 
evolution and rise of the Pyrenees during the Tertiary, continuing its 
differentiation in the isolated Betic-Riff Massif. 
 
We can therefore identify two main speciation events under this model: The first, 
beginning in the Tertiary and caused by the isolation of the Iberian Peninsula and 
the second, later in this period, driven by the formation of the current 
watersheds. 
 
Significance of morphological variability 
Mollusc species are usually identified based on shell features. However, the high 
level of shell plasticity has led to uncertainty of the systematic value of those 
characters (Aldridge 1999; Renard et al. 2000, Baker et al. 2003). While early 
freshwater bivalves‟ researchers such as Bourguignat (1865, 1866), Castro 
(1873, 1885, 1887) and Locard (1899) largely over-estimated species richness, 
there was an opposite tendency during the 1900s (for example Nobre 1941). 
Haas (1969) tried to resume all the previously described variability but avoided 
giving specific statutes to many different morphotypes. Molecular markers have 
proved to be a very useful tool to help resolve the systematic and taxonomic 
problems (Renard et al. 2000; Baker et al. 2003; Araujo et al. 2005; Graf & 
Cummings 2006; Araujo et al. 2009). However, this is not a fast, practical or 
economical way of identification and the fact that freshwater mussels are a 
highly endangered group means that it is not possible to sacrifice specimens to 
use more reliable characters for identification such as the hinge area. Therefore 
field identification is still largely dependent on shell shape. 
 
In this study the morphometric variables and ratios analysed proved to be very 
useful to distinguish U. tumidiformis from U. cf. pictorum, with some overlapping 
values. It was less useful for differentiating the two Anodonta species, although 
A. cygnea seemed to be wider than A. anatina. Increasing the sample size for A. 
cygnea would be important to evaluate the usefulness of this character. The 
variation between river basins for each species showed sometimes important 
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differences that could be associated to some of Haas‟ (1969) “races”, although 
this result was not consistent for both ratios analysed. Also, these differences, 
such as between U. p. delphinus and U. p. mucidus, had no correspondence in 
our phylogenetic results. These results support the conclusion that probably 
there are no cryptic species within the analysed fauna. They may be evidence of 
adaptive divergence between populations that are either not isolated or are just 
recently so, and that given enough time may give rise to speciation processes 
(Lexer & Fay 2005). 
 
Within the genus Unio we found an analogous pattern of variation for both 
species in the Guadiana and Sado basins, with higher and wider shells in the 
Sado system. This suggests a clear environment influence on the shape of the 
shell of both species. Eager (1978) suggested that shell shape develops in 
response to certain environmental constrains while Haas (1969) argued that 
variation is important due to the parasitic life stage, allowing adaptation to the 
unpredictable habitat where juveniles recently released from the host fish drop 
to. Hinch et al. (1989) and Watters (1994) stated that wide, globose shells are 
more buoyant and adapted to habitats with muddy substrate, while Hinch et al. 
(1986) related high shells to these habitats as well. Considering that the Sado 
river basin sites, where the mussel were collected from, are dominated by mud 
(J. Reis, personal observation), our results are congruent with the above 
mentioned statements. This variation can be more accurately related to 
environmental factors by studying single stream populations and micro-habitat 
as in Zettler (1997) rather than at river basin scale. The analogous variation of 
morphology between basins in both Unio species, yet maintaining each species 
identity for that trait, indicates that shape is not only environmentally induced 
but also genetically determined, supporting the link between phenotypic 
plasticity and evolutionary processes suggested by Baker et al. (2003), Bijlsma & 
Loeschcke (2005), Lexer & Fay (2005) and Relyea (2005). Lexer & Fay (2005) 
listed evidences for this link in several organisms, ranging from plants to 
amphibians. 
 
Overall our study suggests that morphologic variation in unionids reflects both 
systematic relationships and phenotypic plasticity. Our results demonstrate how 
an integrated approach using morphologic and molecular characters can clarify 
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the evolutionary history of a given group. The evidence for the heritable basis of 
shell shape reinforces its taxonomic, phylogenetic and evolutionary value, while 
showing that caution should be used when attributing variation to a sole factor 
such as an environmental condition. Variation is often, if not always, 
consequence of a complex interaction of factors that may be misleading if taken 
independently. 
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ABSTRACT 
The possible occurrence of Unio crassus Philipsson, 1788 on the Iberian 
Peninsula has been a controversial issue since the 19th century. Several 
characters, including molecular, morphological and life-cycle, show that the 
Iberian taxon is related to, but well-differentiated from, the central European U. 
crassus. The valid name for this Iberian taxon is Unio tumidiformis Castro, 
1885. Live populations are distributed throughout the Guadiana, Mira and Sado 
river basins. U. tumidiformis can be distinguished from other Unio species by its 
regular oval shape, high relative height and width, strong wavy umbonal rugae, 
supra-cardinal tooth on the right valve and lower glochidium height. From the 
potential fish hosts tested, only Squalius alburnoides (Steindachner, 1866) 
resulted in juvenile drop-off, suggesting some degree of specialization in the 
parasite-host relationship. The endemic nature, population status and habitat of 
U. tumidiformis make this species important from a conservation point of view. 
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INTRODUCTION 
Recent studies on European unionoid taxonomy are developing a new 
perspective on the real number of taxa of this imperilled mollusc group. 
Molecular techniques have been a very useful tool to complete the conchological 
and anatomical approaches historically employed to organize naiad taxonomy 
(Araujo et al. 2005; Graf & Cummings 2006; Araujo et al. 2009). We consider 
Haas (1969), the primary expert in Palaearctic unionoids, the best starting point 
from which to develop a new European unionoid phylogeny. Regarding the 
Palaearctic genus Unio, Haas considered a series of 12 "fundamental Unio 
species" comprising different “races” or subspecies. For his classifications, Haas 
(1969) largely used shell shape of the different taxa as found in the centres of 
their distribution areas. One of these species, Unio crassus Philipsson, 1788, 
was considered by Haas (1940, 1969) as comprising eight "races": six from 
Europe, one from the Caucasus and one from north-eastern Asia. Araujo and 
Ramos (2001), Velasco et al. (2002) and Reis (2003) refer to the occurrence of 
Unio crassus in northern Iberian rivers where Margaritifera margaritifera lives, 
but they do not relate them to any of Haas (1940, 1969) “races”. Recent studies 
showed that these populations are not Unio crassus (Reis et al., unpublished 
results), but correspond to an Iberian race of Unio pictorum as defined by Haas 
(1940, 1969). In recognition that the Iberian and central European U. pictorum 
populations may not belong to the same taxon (Reis 2006), the Iberian taxon is 
referred hereafter as Unio cf. pictorum 
 
Unio crassus batavus Maton and Rackett, 1807 is the only U. crassus “race” to 
be reported from the Iberian Peninsula.  The first reference to U. c. batavus in 
the Iberian Peninsula was made by Morelet in 1845, who identified several 
specimens from the Tagus (=Tejo=Tajo) and Guadiana river basins in Portugal. 
Later, in 1885, Castro described four new species from the rivers Sado and 
Tagus in Portugal (see below), which he assigned to the U. tumidus Philipsson, 
1788 group, even though this species has never been reported from the Iberian 
Peninsula. These four species were considered to be synonyms of U. c. batavus 
by Haas (1917, 1940, 1969). Two further species considered by Haas (1940, 
1969) as U. c. batavus synonyms were described by Kobelt in 1887 (Unio 
baeticus from the river Guadaira in Spain) and in 1893 (Unio conimbricus from 
the river Mondego in Portugal). Azpeitia (1933) considered the occurrence in 
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Spain of three species that to him belonged to the U. c. batavus group: U. 
baeticus, U. callipygus Drouët, 1893 (described from the river Guadiana) and U. 
jourdheuili Ray in Locard, 1882 (originally described from France and cited in 
the river Tagus by Azpeitia in 1933).  In his comprehensive revision of 
freshwater mussels from Portugal, Nobre (1941) did not refer to any previous 
citations. 
 
The Portugese taxa reported by Morelet (1845), Castro (1885) and Locard 
(1899), which Haas (1940, 1969) considered to be synonymous with U. c. 
batavus, were referred to as Unio cf. crassus in a recent revision by Reis (2006).  
Herein we show that the correct name for this taxon is Unio tumidiformis Castro, 
1885.  Recent phylogenetic studies clearly support the distinction of U. 
tumidiformis from U. crassus (Araujo et al. 2009). 
 
Our purpose is to clarify the taxonomy of Unio tumidiformis using the widest 
possible range of characters (i.e. molecular, morphological and anatomical). 
While results for the whole of Europe are still preliminary (Araujo et al., 
unpublished results), more concrete findings have been already proposed for 
Iberian naiad taxonomy (Araujo et al. 2005, Araujo et al. 2009). This paper is 
devoted to the revision of the systematics, taxonomy and main biological 
features of Unio tumidiformis: shell morphology, anatomy, distribution, 
reproductive season and larval stage. 
 
MATERIAL AND METHODS 
Studied Material 
To identify the historical distribution of U. tumidiformis in the Iberian Peninsula, 
both the literature (Morelet 1845; Bourguignat 1864; Castro 1873, 1885, 1887; 
Kobelt 1887, 1893; Drouët 1893; Locard 1899; Azpeitia 1933; Nobre 1941; 
Haas 1969; Soriano et al. 2001; Pérez-Quintero 2006; Reis 2006) and the 
mollusc collections at the following Museums were reviewed: "Museo Nacional 
de Ciencias Naturales" (Madrid, Spain), “Museu Bocage” (Lisboa, Portugal), 
Museu Zoológico da Universidade de Coimbra (Coimbra, Portugal), “Museu do 
Instituto Zoológico Dr. Augusto Nobre” (Porto, Portugal) and “Muséum National 
d‟ Histoire Naturelle” (Paris, France). Recent studied specimens came from field 
sampling during the last 10 years and from many gracious collaborators who 
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sent additional material. Nearly 1000 localities were sampled around the Iberian 
Peninsula in the context of several studies, including 300 in the Guadiana Basin, 
250 in the Tagus Basin, 80 in the Guadalquivir Basin, 13 in the Sado Basin, 6 in 
the Mira Basin and 30 minor rivers from the south-western Iberian Peninsula 
(15 in Portugal and 15 in Spain). Additionally, all major Palaearctic river basins 
in Morocco (north of the Oum er Rbia river) were checked (30 localities), as far 
east as the border with Algeria. Table 1 shows the recent sampling locations 
from where specimens used to study U. tumidiformis characters were collected. 
Recent specimens of Unio from central Europe and northern Africa at the above 
mentioned collections were also studied for comparison purposes. 
 
External Morphology 
Shell characters were studied in specimens from the Guadiana, Mira and Sado 
river basins (see Table 1). The shell outline, colour, umbo sculpture when 
visible, hinge characteristics as well as any distinctive feature were described. 
Maximum length, anterior length (measured from the anterior edge of the umbo 
to the anterior tip of the shell), maximum height, height at the umbo (measured 
from the uppermost edge of the umbo to the ventral margin of the shell along a 
line perpendicular to its longitudinal axis) and maximum width (Zettler 1997; 
Nagel 1999) were measured. Whenever necessary a binocular lens was used to 
aid the analyses. All relevant features were photographed. 
 
Anatomy 
Anatomical studies of 20 specimens were carried out paying close attention to 
characters that are considered taxonomically relevant in unionoids (Ortmann 
1911; Haas 1924; Nagel 1999; Graf & Cummings 2006). To reveal the sexual 
strategy of the species (hermaphroditism vs. dioecia), 60 specimens were 
histologically sectioned. Gonad samples and gill contents of gravid specimens 
were examined under optical microscopy. Anatomical studies were conducted on 
living and preserved specimens from the rivers Bullaque, Estena, Guadiana, 
Milagro, São Pedro and Vascão (Guadiana river Basin) (see Table 1). 
 
Life-cycle 
For the characterization of the larval stage, glochidia were collected from living 
mussels in the field and in aquaria by flushing the marsupia with water, and 
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studied using scanning electron microscopy and optical microscopy. The life-
cycle of the species was inferred from field observations, specimen  dissections, 
histological sections and experiments in aquaria. Studied glochidia came from 
10 specimens collected from the rivers São Pedro and Vascão (Guadiana river 
Basin, Portugal). Artificial infestations of potential host fish were carried out in 
 
 
Table 1. Recent populations of Unio tumidiformis. 
 
Main river 
basin 
River Province/ 
District 
Country Coordinate 
(UTM) 
Catalogue Studied 
Characters 
Guadiana Amoreiras Beja Portugal 29SPC2716  † EM 
Azambuja Évora Portugal 29SPC1253 † EM 
Bullaque Ciudad Real Spain 30SUJ9405 CLM1242 A, EM 
Caia Portalegre Portugal 29SPD5125 † EM 
Cortes de 
Peleas 
Badajoz Spain 29SPC9992 † EM 
Chança Beja Portugal 29SPB5298 † EM 
Estena Ciudad Real Spain 30SUJ6773 CLM866 A, EM 
Foupana Faro Portugal 29SPB1241 † EM 
Gévora Badajoz Spain 29SPD5248 † EM 
Guadahira Badajoz Spain 29SQC1296 † EM 
Guadalmez Ciudad Real Spain - 15.07/5220 EM 
Guadiana  Ciudad Real Spain - 15.07/1462 EM 
Guadiana 
(Ruidera) 
Ciudad Real Spain 30SUJ9793* CLM552 A, EM 
Limas Beja Portugal 29SPB2187* † EM 
Limonetes Badajoz Spain 29SPC9296 † EM 
Lucefecit Évora Portugal 29SPC4373 † EM 
Marmelar Beja Portugal 29SPC1924 † EM 
Milagro Ciudad Real Spain 30SUJ9793 CLM873 A, EM 
Odeleite Faro Portugal 29SPB1834 † EM 
Pardiela Évora Portugal 29SPC1471 † EM 
Rivilla Badajoz Spain 29SPC8692 † EM 
São Pedro Beja Portugal 29SPC5013* N209 A, EM, LC 
Terges e 
Cobres 
Beja Portugal 29SPB0188 † EM 
Vascão Beja/Faro Portugal 29SPB1752* † A, EM, LC 
Vidigão Beja Portugal 29SPB4995* † EM 
Mira Torgal Beja Portugal 29SNB3466 N1124 through 
N1127 
EM 
Sado Marateca Setúbal Portugal 29SNC3371 † EM 
Sado Beja Portugal 29SNB5688* † EM 
* The species occurs in a significant extension of the river length. 
† No preserved specimens at Museums. 
A=Anatomy, EM=External Morphology, LC=Life-cycle. Catalogue refers to specimens at 
the MNCN, Madrid (Spain). 
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aquaria following a modification of the protocol described by Jones et al. (2004). 
Several fish species occurring in the Unio tumidiformis distribution range were 
tested: Barbus spp. (we used juveniles less than 10 cm in length, which cannot 
be identified to species level in a reliable way based on external morphology 
only), Cobitis paludica (de Buen, 1930), Iberochondrostoma lemingii 
(Steindachner, 1866), Lepomis gibbosus (Linnaeus, 1758) and Squalius 
alburnoides (Steindachner, 1866). These species represent the most common 
fish genera occurring in the area. Up to 10 specimens of each species were 
collected from the São Pedro River and checked for prior infestation to ensure 
that possible juvenile drop-off was a result of the experimental infestation. The 
fish were then put in a small volume of water containing glochidia from 2 or 3 
gravid mussel females for 10 to 15 minutes. The specimens from each fish 
species were divided between two aquaria and isolated from other species. 
Replicated experiments were needed to account for possible false negatives 
caused by immunization from previous years‟ infestations. Each aquarium was 
siphoned daily through a 150 µm mesh to check for juveniles. 
 
 
RESULTS 
Unio tumidiformis Castro, 1885 
Synonyms  
Unio batavus: Morelet 1845: 109 (not Unio crassus batavus Maton and Rackett, 
1807).  
Unio sadoicus Castro, 1885: 284 (Sado river, Portugal; types lost); Locard 
1899: 261; Azpeitia 1933: 249. 
Unio macropygus Castro, 1885: 286 (Sado river, Portugal; types lost); Locard, 
1899: 262; Azpeitia 1933: 251. 
Unio eupygus Castro, 1885: 287 (Sado river, Portugal; types MNHN 20840 and 
Castro Collection n.º 47); Locard 1899: 262; Azpeitia 1933: 252. 
Unio baeticus Kobelt, 1887: 55, fig. 496 (Guadaira river, Seville, Spain; types 
lost); Azpeitia 1933: 254, pl. IV, fig. 23. 
Unio conimbricus Kobelt, 1893: 99, pl. 180, 1133 (Mondego river, Pereira, 
Portugal; types lost). 
Unio callipygus Drouët, 1893: 65, pl. II, fig. 2 (Guadiana river, Ciudad Real, 
Spain; types lost); Azpeitia 1933: 243, pl. IV, fig. 21. 
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Unio jourdheuili: Azpeitia 1933: 246, pl. IV, fig. 22 (not Unio jourdheuili Ray in 
Locard, 1882). 
Unio crassus batavus: Haas 1940 and 1969 (not Unio crassus batavus Maton 
and Rackett, 1807). 
Unio cf. crassus: Reis 2006 (not Unio crassus Philipsson, 1798). 
 
Type locality 
Portugal, River Sado. 
 
Type 
The type series for U. tumidiformis is split between the Museu do Instituto 
Zoológico Augusto Nobre, Porto, Portugal (2 specimens glued to cardboard, 
Castro collection n.º 47) and the Muséum National d‟Histoire Naturelle, Paris, 
France (21 specimens, MNHN 20839). The Paris specimens are in the Locard 
collection, to whom Castro donated part of his material; Castro‟s handwriting 
can still be identified in some shells and labels of this collection.    
 
Distribution 
South-western river basins of the Iberian Peninsula: Mira (Portugal), Sado 
(Portugal) and Guadiana (Portugal and Spain) (Fig. 1 and Table 1). Possible 
occurrence in the Tagus and Guadalquivir basins (Table 2). One single specimen 
recorded from the Mondego Basin in Portugal (Kobelt 1893; Table 2). 
 
Habitat 
Temporary Mediterranean-type streams. Sandy or muddy substrate at pool areas 
that do not dry up during the dry season. Habitat threatened by change of 
hydrologic regime of the streams. 
 
External Morphology 
Shell equivalve and inequilateral with a regular oval outline, usually elevated at 
the posterior end (Fig. 2A, 2B and 3). In Ruidera lagoons (Spain) often very 
rostrated or triangular in shape (Fig. 3C). Colour very variable, ranging from 
bright yellow to darkish green or brown (Fig. 3). Often with a series of 
conspicuous yellow, green or black radial lines on the posterior end of the shell 
(Fig. 2A and 3D). Umbo sculpture consisting of 2 or 3 rows of strong wavy rugae,  
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Figure 1. Distribution of Unio tumidiformis. Outlined area includes the Guadiana, 
Mira and Sado river basins where live populations are still present. Circles 
indicate localities with live mussels; squares correspond to localities associated 
with bibliographic references or museum specimens that were not verified in 
field sampling. 
 
 
followed by a variable number of successively weaker and less wavy rows. Rugae 
“w” or double “v” shaped and parallel to the longitudinal axis of the shell (Fig. 2C 
and 2D). However, this pattern shows some variation and sometimes the typical 
“w” or double “v” rugae are not evident in the adult, often due to erosion of the 
shell, giving the sculpture more like a tubercular appearance. External ligament 
and hinge plate typical of Unio: Left valve with two crenulated pseudo-cardinal 
teeth (Fig. 2D) and two laminar lateral posterior teeth variable in length; lower 
tooth always more elevated. Right valve with a small pseudo-cardinal tooth 
which is short, slightly curved with the concavity towards the dorsal side of the 
shell, and with an irregular serrated edge (fig. 2E) and a laminar lateral posterior 
tooth variable in length. No supra-cardinal thickening in the right valve as in the 
Iberian Unio cf. pictorum. Maximum measured shell length 57 mm and maximum 
  
7
5
 
 
 
 
Table 2. Museum specimens and bibliographic references identified as Unio tumidiformis but that were not confirmed in the 
terrain.  
 
Main river basin River Province / 
District 
Locality Countr
y 
Museum / 
Reference 
Collection 
Number 
Collection 
Date 
Guadalquivir? ? Sevilla ? Spain MNCN 15.07/759 and 
15.07/1553 
? 
Guadalquivir Guadaira Sevilla Sevilla Spain Kobelt, 1887 - - 
Guadiana - Faro Sapal Castro Marim Portugal MB 2685 26-03-
1976 
Degebe Évora Ponte do Albardão, estrada 
Reguengos-Évora 
Portugal MB 2672 03-08-
1981 
Guadamez Badajoz Vega de los Maderos, Don 
Benito 
Spain MNCN 15.07/5220 ? 
Mondego Mondego Coimbra Pereira Portugal Kobelt, 1893 - - 
Tejo ? Madrid Lozoya del Valle, Término 
municipal de Pinilleja 
Spain MNCN 15.07/1710 ? 
Alberche Toledo Escalona Spain MNCN 15.07/5268 ? 
Ota Lisboa Ota Portugal Morelet, 1845 - - 
Tejo ? ? Spain MNCN 15.07/583 ? 
Tejo Toledo Aranjuez Spain Azpeitia, 
1933 
- - 
Tietar Toledo Buenaventura Spain MNCN 15.07/5216 ? 
MNCN=Museo Nacional de Ciencias Naturales, Madrid, Spain; MB=Museu Bocage, Lisboa, Portugal. 
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Figure 2. Unio tumidiformis shell. A and B. Type specimen from the river Sado. 
C. Dorsal view of the shell with the umbo sculpture clearly visible. D. Detail of 
the umbo sculpture and pseudo-cardinal teeth of the left valve. E. Detail of 
the pseudo-cardinal tooth of the right valve. 
 
 
wet weight (shell + soft tissue) 16g. Mean  shell  measurement  ratios  and  
standard  deviation  were as  follows (number of specimens analysed between 
brackets): Maximum length / Maximum height (92) = 1.85  0.09; Maximum 
length / Maximum width (92) = 2.57  0.18; Maximum length / Anterior Length 
(25) = 4.31  0.35; Maximum height / Height at umbo (25) = 1.01  0.03. 
 
Anatomy 
Soft parts under mantle lobes generally yellow-white in colour, although colour 
of the visceral mass (visible through the foot epithelium) variable depending on 
sex and season. Mantle-lobe margins fused in only one region (the bridge 
between the supra-anal and the exhalant siphon), but three apertures visible in 
the posterior part, trimmed in brown-black and arranged from dorsal to ventral: 
the supra-anal, the exhalant and the inhalant siphons. Inhalant opening largest 
of the three openings and the only one surrounded by papillae; ventrally 
connected with the foot aperture (not a real siphon). One to three rows of 
papillae, sometimes bifurcated or with many branches (Fig. 4A). Space behind 
the inhalant and exhalant siphons separated by a diaphragm, not a mantle  
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Figure 3. External Shell variability of Unio tumidiformis. A. River Estena. B. 
River Torgal. C. Ruidera Lagoons. D. River Vascão. E. River São Pedro. 
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Figure 4. Unio tumidiformis anatomy and reproduction. A. Detail of the inhalant 
siphon papillae in a live specimen. B. Ova and embryos in the water tubes of a 
female specimen. C. Glochidia. D. Detail of a glochidium styliform hook. E. 
Conglutinate of glochidia and embryos. F. One day old Unio tumidiformis 
juveniles. 
 
fusion. Diaphragm separates the mantle cavity in the cloacal or suprabranchial 
cavity, and the branchial cavity below. Exhalant opening confined by two lateral 
muscular strips, formed by a row of not protruding papillae, with an external 
  
7
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 Table 3. Characteristics that differentiate U. tumidiformis from other known European Unio species.  
 
Species* Distribution Average COI† 
divergence from U. 
tumidiformis (%) 
Max. 
length 
(mm) 
Umbo sculpture Glochidium 
size (length x 
height, in µm) 
Known Hosts 
(analysed species 
in brackets) 
U. tumidiformis S-W Iberian Peninsula (0.6‡) 57  Strong “w” or double 
“v” shaped ridges 
201 x 158  1 (5) 
U. crassus1 Central and northern 
Europe 
8.7 83 Strong “w” or double 
“v” shaped ridges 
230 x 210 6 (8) 
U. tumidus2 Central and northern 
Europe 
12.3 120 Irregular elongated 
wavy tubercles, some 
joining to form ridges 
197 to 216 x 
183 to 197 
17 (22)§ 
U. pictorum3 Central and northern 
Europe 
11.2 108 Simple radiating 
nodules 
205 to 228 x 
191 to 222 
17 (22)§ 
U. cf. pictorum4 Iberian Atlantic basins 11.6 95 Small irregular 
tubercles or spikes  
200 (length) ? 
U. mancus5 Iberian Mediterranean 
basins 
12.0 100 Variable tubercles 216 x 193 7 (10) 
* Sources of data for species other than U. tumidiformis were as follows: 1 Ellis (1978), Engel and Wächtler (1989), Hochwald and 
Bauer (1990), Hochwald (2001); 2 Ellis (1978), Pekkarinen and Englund (1995), Aldridge (1999), Blažek and Gelnar (2006); 3 Ellis 
(1978), Pekkarinen and Englund (1995), Aldridge (1999), Blažek and Gelnar (2006); 4 Reis (2006); 5 Araujo et al. (2005). 
† Partial sequence of the mitochondrial gene cytochrome c oxidase subunit I. 
‡ Average intra-specific haplotype diversity. 
§ Data for U. tumidus and U. pictorum taken together in sympatric populations. 
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black trimming, and separated dorsally from the supra-anal aperture by a bridge 
built by the fusion of the inner mantle margins. Length of this bridge is shorter 
than that of the exhalant siphon, and shorter than the supra-anal aperture. 
Entire length of the outer lamella of the lateral demibranchs fused to the inner 
mantle wall. Inner gills only fused to the visceral sac anteriorly. After that point 
they run unattached and finally converge and join together behind the sac to 
form the diaphragm. Anteriorly, mouth bordered on either side by two white, 
rounded, undulating labial palps, which have a smooth external surface and a 
finely canaliculated inner side (facing each other). 
 
Life-cycle 
Strictly dioecious species with no apparent sexual dimorphism. Zygotes 
incubated in the chambers formed by the water tubes until the glochidial stage 
(Fig. 4B). The entire internal cavity (homogeneity) of the external demibranchs 
acts as a marsupium (ectobranchy). Glochidia whitish, triangular in shape (Fig. 
4C) and with a ventral styliform hook (Fig. 4D) that is armed with numerous 
spicules (teeth). Mean glochidial sizes of the population from São Pedro river 
(measured by SEM): length: 201.55 µm (sd = 4.83; n = 16), height: 158 µm (sd 
= 3.54; n = 17), width: 72.13 µm (sd = 4.07; n = 2). Glochidia release was only 
observed in captivity, with no evident stress factor associated. Mature glochidia 
released as a loose conglutinate with the shape of the brooding chambers (Fig. 
4E) that sometimes includes eggs and embryos as well (indicating that the 
maturing of larvae is not always synchronous). No filament structure was 
observed in any conglutinate, which were very fragile and lost their shape very 
easily. Experiments with potential fish hosts resulted in juvenile drop-off (Fig. 4F) 
in aquaria containing Squalius alburnoides between 7 and 14 days after 
infestation at 26ºC. No juveniles were found in aquaria containing other fish 
species. 
 
DISCUSSION 
Consenus has never been reached as to whether a species related to U. crassus 
occurs on the Iberian Peninsula. This study clarifies this issue, clearly stating the 
presence of an Iberian species that shares a number of characters with central 
European U. crassus, and that corresponds to U. tumidiformis Castro, 1885. 
Recent  studies  using  partial  sequences  of  the Cytochrome Oxidase subunit I  
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Figure 5. Majority-rule consensus tree from Bayesian phylogenetic relationships 
among members of the Palaearctic genus Unio based on partial sequences of 
16S + COI. Numbers above branches indicate Bayesian posterior probabilities 
and Maximum Parsimony bootstrap values; those below branches indicate 
bootstrap values for Maximum Likelihood and Neighbour-Joining treatments. 
Unio tumidiformis specimens came from the Guadiana and Sado basins in 
Portugal while U. crassus came from Sweden. (from Araujo et al. 2009) 
 
 
(COI) and 16S genes (Araujo et al. 2009) showed that Unio tumidiformis 
(GenBank accession numbers: COI: EF571405 to EF571412; 16S: EF571338 to 
EF571344) is well differentiated from all other European Unio species (Table 3, 
Fig. 5). It is only remotely related to other Iberian Unio species (mean 
divergence for COI sequences above 11% and for 16S above 4.8%) and also 
very differentiated from central and northern European Unio crassus (mean 
divergence for COI 8.7% and 16S 4.0%). Castro (1885) was the first author to 
recognize the uniqueness of this Iberian taxon. He actually described four 
different species from the same locality in the river Sado that are virtually 
undistinguishable from a modern morphological point of view. The name Unio 
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tumidiformis Castro, 1885 is the first in order in his publication and is therefore 
the correct designation of this Iberian endemic species. Unio crassus does not 
occur at present on the Iberian Peninsula, and no records exist to support its 
past presence. 
 
Morphologically U. tumidiformis shares the typical umbo sculpture of U. crassus 
(Ellis 1978). The variation of the sculpture in the adult (see above) seems to 
have lead Castro (1885) and Locard (1899) to relate it to U. tumidus, a species 
that presents a tubercular umbo sculpture (Ellis 1978), but this seems to be just 
a consequence of an artefact originated during the animal‟s life span. Even 
though an overall comparison revealed that U. tumidiformis grows to a smaller 
length than central European U. crassus (Table 3), the studied shells‟ 
morphological and morphometric characters were of little use to distinguish 
between U. tumidiformis and some populations of U. crassus (Haas 1969; Ellis 
1978; Zettler 1997). On the other hand, U. tumidiformis shows several 
differences when compared with its sympatric U. cf. pictorum: U. tumidiformis 
grows to a smaller length (Table 3), lacks a supra-cardinal tooth on the right 
valve, has a higher Length / Width ratio (Reis 2006) and has a very distinct 
umbo sculpture (Table 3). Likewise it has several morphological differences to 
other European Unio species (Table 3). It should be noted that apart from the 
umbo sculpture there is a great deal of morphological variation within the U. 
crassus group sensu Haas (1940, 1969). This suggests that a revision of the 
systematics of this group throughout Europe is necessary to understand better 
the taxonomic validity of morphological characters within it. The typical papillae 
of both Unio and Anodonta are acute and conic (Type 3 of Nagel 1999). Neither 
the shape nor colour of the inhalant siphon papillae proved useful in 
distinguishing U. tumidiformis from other Iberian Unio species. Again it would be 
necessary to study and describe the papillae character in all the European Unio 
species to determine the taxonomic value of this feature. 
 
The U. tumidiformis glochidium shares all the general features of other Unio 
species glochidia, including its small size (Araujo et al. 2005). Indeed 
Pekkarinen and Englund (1995) state that the glochidium size does not 
differentiate one Unio species from another at all. Hochwald and Bauer (1990) 
give an average U. crassus glochidium size of 0.2 mm, while Engel and Wächtler 
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(1989) state that it is 230 x 210 µm and with no variation between two striking 
different forms from Germany. U. tumidiformis has a glochidium that is slightly 
smaller in length but is considerably smaller in height (201 x 158 µm), 
compared with most other Unio species glochidia (Table 3). So glochidium size 
is a very useful character for identifying this species. Before this study, only one 
European unionid, Microcondylaea bonellii Férussac, 1827, was known to release 
its glochidia as conglutinates (Nagel et al. 2007). Similar structures were 
observed for U. tumidiformis, shaped similarly as the brooding chamber, but two 
important differences were evident: maturing of the glochidia does not always 
seem to be synchronous and the consistency of the structure is very low, 
probably due to the absence of any filament. Indeed Nagel et al. (2007) 
reported inclusively that conglutinates from M. bonellii stay attached to the 
mussel by a filament connection. It has been observed that during the 
reproductive period many U. tumidiformis individuals are found at the edge of 
the water (J. Reis, personal observation). This has also been reported for U. 
crassus and is associated with an unusual spurting behaviour of water 
containing glochidia (Vicentini 2005). The strategy of glochidia release by U. 
tumidiformis in the wild is unknown; however, glochidia maturing 
asynchronously would allow a phased discharge, while a loose connectivity 
would facilitate the release of small independent quantities of glochidia. This 
would imply that the observed conglutinates in U. tumidiformis are mere 
artefacts caused by stress factors as in other Unio species (Aldridge & McIvor 
2003), even though the stress factors were not evident. Only the observation of 
glochidial discharge in nature can resolve this issue. The preliminary results for 
determining the potential host fish for U. tumidiformis glochidia suggest this 
species is more selective in its choice than other European unionids. This is 
particularly true when comparing other Unio species (Engel & Wächtler 1989, 
Hochwald & Bauer 1990; Araujo et al. 2005) (Table 3). Further studies using a 
wide range of potential host fish species are necessary to determine the degree 
of specificity of U. tumidiformis glochidia (in this study we tested about 20% of 
the specific diversity of the Guadiana river, but more than half of the generic 
diversity). The 15 day duration of the parasitic stage is similar to another 
Iberian Unio species, U. mancus, and is probably also dependent on water 
temperature (Araujo et al. 2005). 
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The contiguous basins of the Guadiana, Mira and Sado rivers constitute the core 
of U. tumidiformis distribution. Specimens preserved at the MNCN, as well as 
the unequivocal reference to this species by several authors (Morelet 1845; 
Azpeitia 1933; Kobelt 1887), indicate that Unio tumidiformis has also occurred 
in the Tagus and Guadalquivir basins. These basins border the present 
distribution area respectively to the north and south. The occurrence of the 
species further north in the Mondego Basin is doubtful, as the only reference to 
it is the single specimen described as U. conimbricus by Kobelt (1893), which he 
received from the Berlin Museum mixed with U. mucidus Morelet, 1845 (a 
synonym of U. cf. pictorum), a common species in the mentioned locality (J. 
Reis, personal observation). The specimen drawn by Kobelt presents a typical U. 
tumidiformis umbo sculpture, so it cannot be a U. cf. pictorum variety. It may 
be the consequence of label or shell swap between different collection lots. The 
presence of a U. tumidiformis or U. crassus like taxon in northern Africa has 
been reported by Bourguignat (1864) from Algeria as U. batavus (citation not 
listed by Haas 1969) and is corroborated by a few shells from Algeria preserved 
at the MNHN (J. Reis, personal observation). These localities have not been 
checked to date, but this taxon was not found in a recent survey of northern 
Moroccan rivers, which are closest to southern Iberian ones (this study). 
 
The predominant south-western distribution of U. tumidiformis in the Iberian 
Peninsula and its absence from the north and east suggest it might have 
evolved from a common ancestor to U. crassus in the Betic-Riff Massif, as 
described for several freshwater fish taxa (Vargas et al. 1998). This land mass 
was located in the south-western area of the present day Iberian Peninsula and 
northern Africa during the Miocene, remaining isolated from the central Iberian 
land mass until the Messinian period (López-Martinez 1989) and eventually 
contributed to the formation of the Guadiana and Guadalquivir basins (Vargas et 
al. 1998). Although a molecular clock has not been established for Unionidae, 
imposing a COI divergence rate of 0.6% per million years as used for other 
freshwater bivalves (Baldwin et al. 1996; Renard et al. 2000; Baker et al. 2003) 
it can be estimated that a common ancestor of U. tumidiformis and U. crassus 
existed some 14 to 15 million years ago, during the Miocene. This is in 
agreement with the Betic-Riff hypothesis (Vargas et al. 1998). 
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U. tumidiformis has been a neglected species in the Iberian Peninsula. It 
corresponds mostly to the Iberian U. crassus references (see above). The 
presence of U. crassus in the Iberian Peninsula had already been assumed in the 
context of the European Habitats Directive (Ramos 1998; Araujo & Ramos 
2001). In this sense, because U. tumidiformis replaces U. crassus in the Iberian 
Peninsula, the protection status of that species will remain until the next 
revision of that document. Nevertheless, its endemic nature, restricted 
distribution, threatened habitat and low population densities make this species 
particularly vulnerable and it should attract special attention from a 
conservation point of view. 
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ABSTRACT 
The glochidia of unionid freshwater mussels need to find suitable hosts on which 
to attach themselves and metamorphose into free-living juveniles. The specificity 
of this host-parasite relation was investigated for the Iberian Unio tumidiformis 
Castro, 1885 by means of artificial infestations and by examination of naturally 
infected fish, while the actual process of glochidia encapsulation was studied 
using scanning electron microscopy. Unio tumidiformis has proven to be an 
unusual host species-specific unionid mussel, apparently parasitizing only fishes 
of the genus Squalius, even though these fish species do not naturally occur in 
the distribution area of the mussel. Successful encapsulation or complete 
metamorphosis was observed in five fish taxa: S. aradensis, S. caroliterti, S. 
pyrenaicus, S. torgalensis and S. alburnoides complex (only for the nuclear 
hybrid form with at least one copy of S. pyrenaicus genome). Complete 
metamorphose was achieved in 6 to 14 days at mean temperatures ranging 
from 21.8 to 26.1ºC. The current study provides support for cell migration being 
the main force of cyst formation and shows the influence of potential host‟s 
genome in conjunction with an unknown glochidium factor in determining the 
success or failure of metamorphosis. 
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INTRODUCTION 
The life-cycle of most freshwater mussel species in the family Unionidae includes 
a temporary but obligatory parasitic stage, in which the larvae (glochidia) attach 
to the external surface of a suitable host and metamorphose into free-living 
juveniles (e.g. Arey 1921; Kat 1984; Rogers-Lowery & Dimock Jr 2006). Only 
two species are known to metamorphose without a parasitic stage in the wild 
(Barfield & Watters 1998; N. Johnson, personal communication). The functions 
of the larval stage include protection, nutrition and dispersial, playing a key-role 
in the evolutionary history of the group. 
 
Mussel glochidia parasitize mostly fish hosts (Watters & O'Dee 1998) attaching 
themselves to their gills, fins and body surface. The host specificity of the 
glochidia and their preferred site of attachment significantly vary between 
species. Some species are known to parasitize only a few fish species while 
others exploit a wide range of potential hosts (Lefevre & Curtis 1912; Stern & 
Felder 1978; Zale & Neves 1982; Araujo et al. 2001; Berrie & Boize 1985; 
Blažek & Gelnar 2006; Haag & Warren Jr. 1997; O'Dee & Watters 1998). 
Glochidia equipped with hooks mainly encapsulate on the fish fins and body 
surface of many host species. Hookless glochidia usually attach to gills of a 
reduced number of host species (Berrie & Boize 1985; Lefevre & Curtis 1912; 
Pekkarinen & Englund 1995). 
The glochidium is enclosed in a cyst post-attachment and metamorphoses into 
the free-living juvenile stage. It has been demonstrated that the cyst is formed 
by covering the glochidium exclusively by host tissue. Therefore the process 
should rather be called encapsulation than encystment (Hoggarth & Gaunt 1988; 
Rogers-Lowery & Dimock Jr 2006). Presently very little is known about the 
actual process of encapsulation and metamorphosis, except a few recent papers 
in this topic (Araujo et al. 2001; Rogers-Lowery & Dimock Jr 2006). 
 
The freshwater mussel Unio tumidiformis Castro, 1885 was recently considered a 
valid species and redescribed by Reis and Araujo (2009). Originally described in 
1885 by Castro, it was later considered by most authors as a synonym of the 
central European Unio crassus Phillipson, 1788, but its actual occurrence in the 
Iberian Peninsula has been debated (Altaba 1999; Araujo 1999; Haas 1940, 
1969; Pérez-Quintero et al. 2004; Ramos 1998; Reis 2006). Reis and Araujo 
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(2009) reviewed several biological features of this species, but it is not 
surprising that others remain virtually unknown, including its life-cycle. 
According to these authors, Unio tumidiformis does not produce true 
conglutinates. This species is restricted to the south-west of the Iberian 
Peninsula and lives in temporary Mediterranean-type streams (Reis & Araujo 
2009). Unio tumidiformis was previously considered a synonym of U. crassus, 
therefore it is protected as such under the European Habitats Directive (Annexes 
II and IV). However, the restricted distribution of U. tumidiformis, its endemic 
character and occurrence in an area strongly affected by desertification, all 
reinforce its endangered status. The knowledge of its parasitic life stage is 
crucial for any effort towards the species conservation, by allowing both 
conservation measures for its hosts as well as captive breeding programs. 
 
The fish fauna in the Iberian Peninsula is particularly diverse especially in the 
south-western area where U. tumidiformis occurs, and is characterized by some 
endemic geographically confined species (Doadrio 2002; Rogado et al. 2005). 
The evolutionary history leading to patterns of diversification of fish species 
should be reflected in the number of hosts for each mussel species. Invasions of 
non-native species in recent decades have changed fish assemblages in most 
inland waters in Iberian Peninsula (reviewed in Ribeiro et al. 2009). The degree 
of association between U. tumidiformis and the native fish fauna, which is 
dominated by cyprinid species, may determine the impact of the recent changes 
in the future conservation of the mussel. 
 
The objectives of this study were i) to determine suitable hosts for U. 
tumidiformis, ii) to evaluate the specificity level of the host-parasite relationship, 
and iii) to describe the structural changes of the host tissue surface and the 
glochidia during the metamorphosis. 
 
MATERIALS AND METHODS 
Sampling 
Adult mussels were collected in 2006 from the river Vascão (Guadiana Basin, 
UTM coordinate 29SPB2553) and in 2007 from another site of this river (UTM 
coordinate 29SPB1752), as well as from the river São Pedro (Guadiana Basin, 
UTM coordinate 29SPC5013) and river Marateca (Sado Basin, coordinate 
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29SNC3371). All sampling sites are located at the south-west of the Iberian 
Peninsula. To determine gravid females, the valves of each specimen were 
slightly opened in the field to check for the presence of mature glochidia in the 
marsupia. Only females with very tumid and whitish marsupia, were then 
selected for the experiments. Glochidia were used during the first 24 hours after 
mussel collection. When this was not possible, females were kept in 50-100 liters 
(L) aquaria with a sandy bottom and a weak current maintained by an internal 
water pump until glochidia were needed. All mussels were returned to the 
locality of capture after obtaining the glochidia. 
 
Fish species for artificial infestation experiments were selected in 2006 to include 
a wide range of genera, and in 2007 to embrace all possible variability within 
genera found suitable in 2006. Because the study was designed before the 
publication of Robalo et al. (2007), the new genera described by these authors 
to accommodate Iberian taxa (namely, Achondrostoma, Iberochondrostoma, 
Pseudochondrostoma) were not taken into consideration; the corresponding 
species were initially selected to represent the single genus Chondrostoma. 
Fishes were collected by electrofishing, targeting from sites without mussels to 
avoid previous contact with glochidia. However, some species could only be 
obtained from sites where mussels were present, therefore we tried to collect all 
necessary fishes before the mussels‟ reproductive period (roughly April to July). 
Specimens of distinct species had to be collected from several drainages in 
Portugal because of the high inter-basin differentiation of fish fauna in the 
Iberian Peninsula (Table 1). Small Guadiana barbels with less than 10 cm of total 
length cannot be morphologically identified to the species level in a reliable way; 
therefore we refer to those specimens as Barbus spp.  
 
 All fishes were kept in aquaria at least for 2 weeks prior to use in experiments 
to ensure that all fishes were free of glochidia at the beginning of the 
experiments. Fishes were fed daily with commercial food prior to the 
experiments. Fishes were not fed during experiments. 
 
Experimental Design 
All experiments, except for the ones with Anaecypris hispanica, were performed 
in two recirculating systems consisting of nine 30 L aquaria, without substrate 
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and under 12 h light/dark illumination. Temperature was maintained constant 
(between 21.4 and 26.1ºC) using a common thermostat connected to one heater 
in each system. In each system one aquarium was left without fishes and used 
as control. We used the two systems to replicate experiments in similar but 
independent conditions; replicating the experiments was particularly important 
to rule out possible false negative results caused by previous immunization. The 
experiments with A. hispanica were performed in independent aquaria at the 
Parque Natural do Vale do Guadiana. Except for the fact that artificial heating 
was not used, the conditions were similar to the previous experiments. 
 
Glochidia were extracted from females by flushing the marsupia with water. The 
glochidia activity was tested with salt: mature and active glochidia snapped their 
valves repeatedly shortly after contact with the salt. Active glochidia from two or 
three females were put in a small volume of water together with up to 20 fishes 
and allowed to infest them for about 15 minutes under heavy aeration. The 
infested fish specimens were transferred to the aquaria separating them by 
species, with two systems as replicates. A maximum of one large specimen or 
five small ones were maintained in each aquarium. Apart from different host 
species, we tested metamorphosis success (measured as the presence of 
juveniles in the aquarium or the presence of encapsulated glochidia on fish that 
died prematurely) on hosts from different rivers and basins, using glochidia from 
mussels coming from different basins and considering different genomes of S. 
alburnoides (Table 1).  Regarding the genome of S. alburnoides specimens, we 
considered separately both the nuclear hybrid (mainly the most common 
specimens with PA and PAA genomes) and the nuclear non-hybrid (AA genome) 
forms of the S. alburnoides complex, taking into consideration that AA 
specimens can be morphologically distinguished from all the remaining nuclear 
hybrid specimens (Alves et al. 2001). 
 
Each aquarium was siphoned daily through sequential 200 and 150 µm meshes. 
We checked for juveniles and counted them using a binocular lens system. 
Experiments were only terminated when at least 3 days passed from the last 
juvenile drop-off, or up to 4 weeks after infestation in aquaria with no record of 
juvenile drop-off. All specimens that died during experiments were checked for 
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glochidia on gills, fins and body surface. Observations were immediately 
performed using a binocular lens system. 
 
Natural Infestation 
In May 2007, we checked a minimum sample of 10 specimens (more if 
available) for each fish species collected by electrofishing at Ribeira da Marateca 
(Sado Basin): Anguilla anguilla, Barbus bocagei, Iberochondrostoma lusitanicum, 
Cobitis paludica, Gambusia hoolbrooki, Gasterosteus gymnurus, Lampetra sp., 
Lepomis gibbosus and Squalius pyrenaicus. This is the only stream known to 
have a population of Unio tumidiformis that is not sympatric to Unio delphinus 
(= U. pictorum) (personal observation). This fact is important because the 
glochidia of these two species are virtually impossible to distinguish from each 
other when encapsulated by the host‟s tissue. The fishes were anaesthetized and 
sacrificed before removing the gills, which were immediately checked for 
glochidia under a binocular lens. We counted the glochidia in the gills of each 
fish and also checked for infestation on fins and body. 
 
SEM Metamorphosis Analysis 
Several specimens of S. alburnoides complex and Barbus spp. were artificially 
infested as described before to study the metamorphosis of glochidia to 
juveniles. Gills from infested fish from both taxa were prepared for observation 
using SEM. Sacrificing hosts was required to study metamorphosis, therefore 
observations were based in multiple individuals. Fishes were lightly anesthetized 
and sacrificed at 0, 1, 2, 5-6, 12, 24, 48 hours, 1 and 2 weeks after infestation 
to remove the gills. Gills were fixed in a 2% glutaraldehyde solution in a 
phosphate buffer pH = 7.4 for 24 hours at 4ºC. After thoroughly rinsing with 
water, gills were dehydrated in graded series from 5% to 100% ethanol. 
Samples were dried in a Bio-Rad CPD E-2000 critical point dryer, mounted in 
aluminum stubs and sputter-coated with gold using a Bio-Rad SE 515 sputter-
coating unit. Observations were made with a Phillips XL20 SEM at accelerating 
voltages of 20-30 kV. 
  
9
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Table 1. Results of the infestation experiments with Unio tumidiformis glochidia. 
 
Fish species River Basin River N Replicates Fish Length 
(cm) 
Days to 
transform 
Juveniles Mean temperature 
(ºC) 
Hosts         
Squalius alburnoides (hybrid) Guadiana Oeiras 1 1 4.2 6 -7 5 26.1±2.0 
Squalius alburnoides (hybrid) Guadiana Vascão 2 1 4.7±0.5 8-10 111 23.9±0.2 
Squalius alburnoides (hybrid) Guadiana Vascão 1 1 10.1 8 28 22.8±0.7 
Squalius alburnoides (hybrid)† Sado Sado 2 1 4.5±0.6 - - 25.0±0.2 
Squalius aradensis ‡ Arade Odelouca 9 2 7.6±0.9 - - 22.3±0.1 
Squalius carolitertii  Pego Pego 2 1 9.4±0.8 10 271 24.9±1.9 
Squalius carolitertii  Pego Pego 3 1 7.2±2.0 7 141 25.5±2.0 
Squalius pyrenaicus† Guadiana Oeiras 2 1 9.8±0.6 - - 22.3±0.0 
Squalius pyrenaicus Sado Marateca 3 1 8.3±2.0 7 409 25.5±2.0 
Squalius torgalensis Mira Torgal 4 1 7.3±0.9 11-13 74 21.8±1.1 
Squalius torgalensis Mira Torgal 4 1 7.4±0.5 11-14 31 21.9±1.2 
Non-Hosts         
Anaecypris hispanica Guadiana Safareja 6 2 <6.0 - 0 21.4±1.7 
Anguilla anguilla Guadiana Vascão 1 1 23.0 - 0 25.0±0.2 
Barbus microcephalus Guadiana Vascão 1 1 14.2 - 0 25.0±0.2 
Barbus spp. Guadiana Oeiras 4 1 4.1±0.3 - 0 23.0±0.7 
Barbus spp. Guadiana Vascão 18 3 5.1±1.2 - 0 23.0±0.7/26.1±2.0* 
Iberochondrostoma lemmingi Guadiana São Pedro 8 2 6.6±0.6 - 0 25.0±0.2 
Achondrostoma oligolepis Lis Lis 4 1 6.9±0.3 - - 23.9±0.2 
Cobitis paludica Guadiana São Pedro 9 3 6.5±0.5 - - 25.0±0.2 
Lepomis gibbosus Guadiana Vascão 2 1 6.3 - 0 25.0±0.2 
Squalius alburnoides AA Guadiana Vascão 7 3 3.7±0.4 - 0 21.4±1.7/26.1±2.0* 
Barbus spp. refers to Guadiana barbels measuring less than 10 cm in total length belonging to any of the following species: B. comizo, B. microcephalus, B. 
sclateri. or B. steindachneri. 
Anaecypris hispanica specimens were born in captivity; origin of progenitors is indicated. 
† All specimens died by day 6. 
‡ Specimens died by day 7. 
* Range of mean temperature of different experiments 
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RESULTS 
 
Host Specificity 
During artificial infestation experiments, glochidia of Unio tumidiformis formed 
cysts and metamorphosed only on hosts of the genus Squalius (Table 1). 
Juveniles were obtained from all Squalius species tested, including S. carolitertii 
that is not known to be sympatric with U. tumidiformis, but excluding S. 
aradensis, which died prematurely. Although not investigated in detail, it seemed 
that no significant differences occurred in infestation rates between species, 
regardless of being sympatric or not. 
 
Juvenile drop-off or glochidia encapsulation were observed in all specimens of S. 
alburnoides complex tested except in those specimens presenting the nuclear 
non-hybrid AA genome (Table 1). The consistency of these results among 
replicates and the fact that experimental conditions were uniform between the 
different genome combinations that were tested suggest that this was not an 
artifact and reflected a true host resistance. 
 
We found no differences in glochidial infestation between hybrid S. alburnoides 
and S. pyrenaicus, or from disconnected river basins (Guadiana and Sado) (Table 
1), as well as between glochidia from mussels collected either in the Guadiana or 
in the Sado Basin (data not shown). Encapsulation or juvenile drop-off was 
always observed regardless of mussel or host origin when fish species from the 
genus Squalius (except non-hybrid S. alburnoides) were used.  
 
Natural infestation 
Unio glochidia were found only in S. pyrenaicus specimens considering the 9 fish 
species that were collected in the River Marateca. Among these, 82% (n=11) 
had glochidia attached to their gills, with intensity of infestation from 2 to 14 per 
fish. There was no evident relation between the length of the fish and the 
number of glochidia they carried (Spearman R=0.141; p>0.05). 
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Metamorphosis 
Most glochidia accomplished metamorphosis within 6 to 14 days with mean 
temperatures of different experiments ranging between 21.8 and 26.1ºC. Limited 
data restricted our ability to statistically support a negative correlation between 
water temperature and the length of metamorphosis, even though the fastest 
transformation (6 to 7 days) took place at a mean temperature of 26.1 ºC and 
the slowest (11 to 14 days) at 21.9 ºC (Table 1). In one of the experiments, 
there was an outbreak of the fish parasite Oodinium spp. No treatment was 
administrated while glochidia were attached to the fish. All these fish died on the 
first day of juvenile mussel drop-off, probably due to increased sensitivity to 
Oodinium, due to the injuries caused by glochidial attachment. 
 
Glochidia attached successfully both to host and non-host fish species (Fig. 1A). 
Encapsulation was observed only in suitable host fish. All glochidia on non-host 
fish species were refused within one day. We detected only one encapsulated 
glochidium on a fin (Fig. 1B); all others were observed attached to the gills. 
 
The following description of metamorphosis was based on SEM observations of 
the gills of infested S. alburnoides nuclear hybrid specimens maintained at a 
mean temperature of around 25ºC. Encapsulation started immediately after 
infestation, but its rate varied greatly even within the same gill filament (Fig. 
1C). Some fully developed cysts were observed 1 hour after infestation, while 
others didn‟t form until after 5 hours (Fig. 1C). Twenty four hours after 
infestation all glochidia were either lost or encapsulated (Fig. 1D, E). At this point 
the cyst was composed of several layers of cells, thickly covering the glochidium 
shell. The same pattern was observed 48 hours after infestation (Fig. 1F). 
 
The fish epithelial cells in the vicinity of the glochidium attachment point were 
rounded and swollen during cyst formation, lacking the typical microridges of 
normal cells that could be seen in areas away from glochidia (Fig. 2A, B). The 
cells resumed the normal polygonal shape with microridges at the surface after 
the fish epithelium completely covered the glochidia (Fig. 2C, D). 
The cyst clearly lost thickness one week after infestation, being composed of 
normal shaped epithelial cells (Fig. 3A). Most of the juvenile shell was already 
exposed two weeks after attachment. Several rounded and swollen cells
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Figure 1. Attachment of glochidia to host tissue and development of cyst. A -  
Glochidia on the gills immediately after attachment. B - Glochidium attached 
to dorsal fin. C - Cyst formation on the gills 5 hours after infestation. D and E 
- Cysts on the gills 24 hours after infestation. F - Cyst on the gills 48 hours 
after infestation. 
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irregularly dispersed over its surface (Fig. 3B). At this stage juveniles are ready 
to drop-off. In the two weeks samples a few empty glochidia attachment points, 
left presumably after  juvenile drop-off  were  recorded (Fig. 3C). Freshly 
dropped-off  juveniles had exactly the same shape and size as the glochidia, but 
initiated immediately to growth and a small shell growth rim was already visible 
after some hours (Fig. 3D). Juveniles were very active, exhibiting the protruding 
foot in constant movement. 
 
 
 
Figure 2. Cell migration and types during the encapsulation process. A - 
Growing cyst around glochidium. B - Swollen rounded migrating cells on 
growing cyst. C - Fully formed cyst. D - Normal polygonal shaped epithelial 
cells with microridges on fully formed cyst. 
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Figure 3. Process leading to juvenile drop-off. A - Cyst one week after 
infestation. B - Ready to drop-off juvenile with scattered swollen rounded 
epithelial cells around. C - Attachment point of glochidium after juvenile drop-
off. D - One day old juvenile with small ring of growing shell visible.  
 
 
DISCUSSION 
Host Specificity 
Freshwater mussels belonging to the sub-family Unioninae sensu (Graf & 
Cummings 2006) are known to represent a generalist host-parasite relation 
(Watters & O'Dee 1998). Previous studies on European Unio species supported 
this statement (Araujo et al. 2005; Berrie & Boize 1985; Blažek & Gelnar 2006). 
Artificial infestation experiments with Unio crassus (Hochwald & Bauer 1990) and 
Unio mancus (Araujo et al. 2005) revealed that their glochidia can 
metamorphose successfully on a broad range of fish species from different 
genera. However, glochidia from both species were found only in a restricted 
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number of fish species in the wild (Araujo et al. 2005; Engel & Wächtler 1989; 
Hochwald & Bauer 1990), suggesting a more ecologically driven specific host-
parasite relation. Our results suggest that Unio tumidiformis is more host specific 
than any other known congeneric species, because its glochidia were able to 
successfully metamorphose exclusively on cyprinids of the genus Squalius. This 
observation was corroborated by both artificial infestation experiments and wild 
fish analyses. In a given geographic region, unionid glochidia are usually non 
selective towards different host species that belong to the same genus. In the 
present study, 9 to 13 (the identity of the four barbel species known to occur at 
Guadiana Basin was not determined in individuals smaller than 10cm) from 19 
native fish species potentially sympatric with U. tumidiformis were tested. This 
sample represented the most common fish genera in this area (Ribeiro et al. 
2007), if estuarine and migratory species are not considered. Further studies are 
necessary to evaluate the different genera that Robalo et al. (2007) described to 
include species previously assigned to the Chondrostoma genus. Nevertheless, 
such a specific host-parasite relation, already suggested by Reis and Araujo 
(2009), is very unusual within Unioninae. 
 
Although U. tumidiformis glochidium is hooked, a character associated with 
attachment to hard tissues like those of fins, we found that the species is almost 
exclusively a gill parasite. This is in agreement with what seems to be the 
general trend in Unio species (Araujo et al. 2005; Berrie & Boize 1985; Blažek & 
Gelnar 2006; Engel & Wächtler 1989), unlike other Unioninae genera (e.g. 
Anodonta) that parasitize mainly fins and epidermis (Blažek & Gelnar 2006; 
Dartnall & Walkey 1979). It is worth noting that the hooks of Unio larvae are 
smaller than those of Anodonta. Most host-specific freshwater mussels belong to 
the Margaritiferidae family and Ambleminae and Lampsilinae sub-families. These 
mussels are mostly gill parasites, which is often argued to offer more protection 
to their hookless glochidia. This argument seems not to make sense with hooked 
glochidia species like Unio species, where many species show a tendency to 
attach mostly to the gills. The evidence suggest that there is a trend for host 
specialization in Unio reaching its peak in Unio tumidiformis, accompanied by a 
preferred attachment of glochidia to the gills, which nevertheless cannot be 
entirely related to the glochidium morphology. 
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The Iberian S. alburnoides complex have an unidirectional hybrid origin coming 
from S. pyrenaicus (P genome) females and males from an unknown ancestor 
Anaecypris-like (A genome: Alves et al. 2001; Crespo-López et al. 2006; Cunha 
et al. 2004; Robalo et al. 2006). In southern populations, S. alburnoides 
specimens of the more common (nuclear) hybrid form have the P and the A 
genomes in variable proportions as diploid (PA), triploid (PAA) and rarely 
tetraploid (PPAA) specimens. Individuals lacking the P contributing genome are 
almost all-males and belong to the nuclear non-hybrid form (AA). This diploid 
form that typically exhibits is the remaining nuclear hybrid. S. pyrenaicus mtDNA 
is presently generated only within the hybrid complex by meiotic hybridogenesis 
and has been considered to reconstitute the genome of the complex paternal 
ancestor (Alves et al. 2001). The fact that Unio tumidiformis glochidia could not 
metamorphose on specimens bearing the AA genome is noteworthy and should 
be further investigated, since it may reinforce the specificity of the host-parasite 
relation. It also suggests that the mechanisms of resistant fish species of 
glochidia rejection are genetically driven and thus fundamentally different from 
those leading to acquired resistance. The formation of abnormal cysts in both 
cases as reported by several authors (see review in Rogers-Lowery & Dimock Jr 
2006), could be explained as the ongoing wound healing process (Arey 1932) 
before glochidia rejection. However, it also supports (Rogers-Lowery & Dimock Jr 
2006) statement that glochidia influence themselves the cyst formation: if only a 
wound healing process was involved, it would cause the formation of identical 
cysts in both hosts and non-hosts. 
 
The process of glochidia encapsulation was clearly associated with the host‟s 
epithelial cell migration rather than by proliferation by (Rogers-Lowery & Dimock 
Jr 2006), being comparable to the process of wound healing. Migration of cells 
allows much faster response than cell proliferation alone would, minimizing 
exposure to the environment. Most previous studies found that complete 
encapsulation is achieved only a few hours after attachment (Araujo et al. 2002; 
Rogers-Lowery & Dimock Jr 2006). In the current study completely encapsulated 
glochidia were observed as early as one hour after attachment, faster than cell 
proliferation alone would allow. The migratory cells are epithelial cells that have 
lost their normal flat shape and surface microridges acquired a rounded and 
swollen appearance. The same phenomenon was observed in the wound healing 
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process by (Rogers-Lowery & Dimock Jr 2006). These cells were observed during 
the course of the encapsulation of Unio tumidiformis glochidia, hence providing 
evidence that cell migration is the underlying process. The fact that these cells 
were observed again just before drop-off is new, and may indicate that juvenile 
drop-off may trigger a new wound healing process. 
 
In summary, Unio tumidiformis has proven to be an unusual host-specific unionid 
species, apparently parasitizing only fishes of the genus Squalius. The current 
study provided support for migration of cells being the main force of cyst 
formation and for the influence of the genome of potential hosts in conjunction 
with an unknown glochidium factor in determining the success or failure of 
metamorphosis. 
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ABSTRACT 
1. This study analysed growth patterns of the freshwater mussel Unio 
tumidiformis from 2002 to 2008, a period where hydrology varied drastically 
between different years. The reproductive cycle was analysed between 2005 and 
2006. Life-history parameters were calculated and related to environmental 
variables and fish community variations. 
2. Mark-recapture growth data confirmed that the observed annuli are formed 
annually and are therefore reliable for use in growth studies of U. tumidiformis. 
3. The von Bertalanffy growth constant K and asymptotic length L∞ were 
negatively correlated. K varied between 0.21 and 0.58 and was positively 
correlated to eutrophic related factors. The maximum observed age was 7 years 
old and the maximum observed length was 52 mm. 
4. Extreme high levels of suspended solids in 2006 coincide with the lowest K 
value, and may indicate that a high ratio of inorganic particles to organic 
particles may make it difficult for unionids to capture food. 
5. There was no apparent sexual dimorphism and sexual maturity was reached 
at the age of 2 years old. Fecundity was low, between 1500 and 15000 glochidia 
per female, and a significant relation with body length was found. 
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6. Only one annual gametogenic cycle was identified, leading to a short-term 
reproductive period in spring (tachyticity). The reproductive cycle was similar 
between very different years in terms of hydrology and water quality. The 
presence of glochidia was synchronized with the period when the proportion of 
hosts (genus Squalius) was higher in the fish community. 
7. Natural variability of flow in temporary Mediterranean-type streams does not 
seem to have a significant impact on U. tumidiformis. Modifications of the 
natural flow regime caused by climate change or increase of water exploitation 
can cause a fast decline of freshwater mussel populations. 
 
KEYWORDS 
Life-history, growth pattern, freshwater mussel, drought, eutrophication 
 
 
INTRODUCTION 
Mediterranean-type streams are characterized by a high natural variability of 
flow conditions, with predictable seasonal events of drying out in summer and 
flooding in winter. The frequency, timing and intensity of these events vary 
greatly between years, and organisms living in these systems should be adapted 
to this high variability (Gasith & Resh 1999). Fish fauna are known to exhibit 
certain life-history trends specially adapted to these conditions, such as short life 
spans, rapid growth rates, high fecundity, early sexual maturity and spawning 
(Ferreira et al. 2007). These life-history traits allow the fish to efficiently make 
use of the favorable periods that occur between high and low-flow events. 
Magalhães et al. (2007) found that populations of different species react to flow 
variability in different ways, some being favored after low-flow events and others 
after high-flow events. It is therefore reasonable to expect that the alternation of 
flow events is essential to maintain the balance of the ecosystem, which can be 
disrupted by a shift towards a higher frequency of low or high-flow events. 
 
The degradation of fluvial systems is now assumed to be a widespread global 
phenomenon (Gleick 2003). In the Mediterranean basin there is a trend for 
reduced precipitation, which in conjunction with overexploitation of water 
resources has led to more frequent and severe drought events (Schönwiese & 
Rapp 1997; IPCC 2001; Millán et al. 2005; Magalhães et al. 2007). Little is 
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known about the possible effects that changes of the natural flow variability 
might have to the life-history of aquatic organisms. Extended and severe 
drought periods are known to result in immediate loss of fish and invertebrates, 
either because refuge pools dry out, or because water temperatures and oxygen 
concentrations reach limiting values as water levels drop (Tramer 1977; Boulton 
& Lake 1992; Boulton 2003; Golladay et al. 2004; Magalhães et al. 2007). 
Changes in these factors and others like conductivity and lateral connectivity can 
also modify growth and recruitment patterns (Boulton 2003; Matthews & Marsh-
Matthews 2003; Elliot 2006). Mouthon and Daufresne (2006) suggested that 
unusually high temperatures can cause abrupt reductions in mollusk populations. 
 
Freshwater mussels (order Unionoida) are amongst the most imperiled animals 
on earth (Araujo & Ramos 2001; Young et al. 2001; Strayer et al. 2004). In 
Europe, much attention has been given to the family Margaritiferidae (e.g. 
Araujo & Ramos 2001; Young et al. 2001; Reis 2003; Geist & Kuehn 2008) that 
includes two species protected under the Habitats Directive: Margaritifera 
auricularia (Spengler, 1793) (Annexes II and IV) and M. margaritifera (L. 1758) 
(Annexes II and V). In contrast, the family Unionidae has received much less 
attention. Comprising at least 13 species in Europe, only Unio crassus Retzius, 
1788 (Annexes II and IV), U. elongatulus C. Pfeiffer, 1825 (Annex V) and 
Microcondyleae bonelli A. Férussac, 1827 (=M. compressa Menke, 1828) (Annex 
V) are protected under the Habitats Directive. The poor understanding of the 
actual diversity, number of species and specific characteristics within this family 
are a further problem for its conservation. The need to resolve this issue has 
caused an increase of publications about European Unionidae in the last few 
years (e.g. Araujo et al. 2005; Blažek & Gelnar 2006; Nagel et al. 2007; Araujo 
et al. 2009a, 2009b; Reis & Araujo 2009). 
 
Freshwater mussels have unique life-history traits: they present unusual 
longevity for an invertebrate (up to 100 years and more in M. margaritifera) 
combined with high fecundity; fertilized eggs develop in brooding chambers of 
the progenitor (female or hermaphrodite, depending on the species) to produce 
bivalve larvae called glochidia. Glochidia are obligatory parasites of certain 
hosts, usually fish. They encyst on the host‟s epithelium for a certain period of 
time, during which they metamorphose into juvenile mussels that finally excyst 
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from the host (Kat 1984). Species are traditionally divided into long-term 
brooders (bradityctic reproduction: holding glochidia for a long time in winter 
before releasing it in spring) and short-term brooders (tachytictic reproduction: 
releasing glochidia as soon as they mature in summer), but several variations to 
this model are known (Watters & O‟Dee 1998). 
The Iberian freshwater mussel Unio tumidiformis Castro, 1885 was recently 
considered a valid species by Reis and Araujo (2009) and replaces U. crassus in 
the Iberian Peninsula. This Iberian taxon is well differentiated from a genetic and 
morphological point of view from the central European U. crassus. Described 
originally from the river Sado in Portugal, its current distribution is limited to the 
southwestern Iberian Peninsula, with live populations known from four river 
basins that discharge into the Atlantic Ocean. The populations are scarce and 
generally small. In several rivers only a few specimens were found. U. 
tumidiformis inhabits temporary Mediterranean-type streams that are reduced to 
small pools during the dry season. The biology of U. tumidiformis is still poorly 
known. It seems to be a strictly dioecious species (J. Reis, unpublished results), 
and Araujo et al. (2009a) stated that U. tumidiformis glochidia can be found 
from March to August. Atlantic fish species of the genus Squalius were found to 
be suitable hosts for U. tumidiformis glochidia that metamorphosis in just a few 
days to a maximum of two weeks (J. Reis, unpublished results). 
 
The aim of this study was to evaluate the importance of variable flow in the life-
history traits of a population of Unio tumidiformis and the relation of those traits 
with abiotic factors and host populations. During the study, Portugal was 
affected by one of the driest years on record (2005) and the study area 
registered the lowest precipitation values since 1945. This study presents data 
collected before, during and after this extreme event, and aims to evaluate the 
potential conservation impact of such an event to freshwater mussel 
populations. 
 
METHODS 
Study Area 
The Vascão river is about 100 km long and drains an area of 428 km2, 
discharging into the Guadiana river, about 47 km from its mouth in the south-
west of the Iberian Peninsula. No major dams were constructed on its course, 
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and the surrounding landscape is dominated by Mediterranean shrubs. The 
geology of the area is composed almost exclusively by schist‟s derivates. Climate 
is Mediterranean, with mean monthly air temperature between 7.4 ºC and 26.7 
ºC (at Martim Longo station, National Water Institute, www.snirh.pt). Rainfall 
varies greatly from year to year (minimum of 119.8 mm and maximum of 
1159.1 mm, data since 1941) and is concentrated during winter months. The 
variation of precipitation and the highly impermeable soil are responsible for 
great variations in flow (Fig. 1), with a mean daily flow of 3.2 m3 / s. During the 
dry months there is virtually no precipitation, flow eventually stops and, as 
water level drops, the river is reduced to a series of isolated pools. These pools 
are fundamental as refuge to aquatic organisms, including mussels and fish. The 
Vascão River houses four unionid species (Anodonta anatina, Potomida littoralis, 
Unio delphinus and Unio tumidiformis) and the Asian-clam Corbicula fluminea 
(Reis 2006; Reis & Araujo 2009; Morais et al. 2009). It is home for the largest 
Unio tumidiformis population known, with relatively high densities in the middle 
and lower reaches. Despite this fact, because of the extremely aggregated 
distribution pattern determined by the location of pools in the dry season, overall 
densities are very low, just up to 0.01 mussels / m2 (J. Reis, unpublished data). 
Fish assemblages in this river are considered to be highly pristine (Ribeiro et al. 
2007), even if some non-native species are abundant in the lower reaches. 
Species of Barbus and Squalius tend to dominate these assemblages. Two 
locations of the river were used for this study: the downstream site is located 
only 10 km from the confluence with the Guadiana River. At this site a large pool 
over 300 m in length and 2 m in depth subsists during the dry season. The river 
bed is over 30 m wide, dominated by cobles with small patches of sand and silt 
near  the banks.  The second location is  33 km upstream from the  mouth of the 
river and characterized by one pool up to 50 m long or several smaller ones in 
the dry season, with depths under 1 m. The river bed is about 20 m wide and 
dominated by cobles and rock with small patches of sand near the banks. Fish 
assemblages are similar at the two sites. 
 
Environmental Variables 
An automatic water gauge station at the downstream site of the Vascão river 
made available  daily flow  measurements for  the whole study  period. Based on 
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Figure 1. Daily flow variation at the downstream site of the Vascão River 
between 2001 and 2009. 
 
these data, the number of days per year with no flow (flow Ø) and the mean 
daily discharge (Q) between 2002 and 2008 were calculated. This river site has 
been monitored for several years by the National Water Institute, making 
available long term data series of physicochemical factors (www.snirh.pt). The 
mean annual values of the following factors were calculated for the 2002-2008 
period: ammonia (NH3), ammonium (NH4
+), chemical oxygen demand (COD), 
chlorophyll-a, conductivity, total hardness, total iron, total phosphorus, nitrate 
(NO3), nitrite (NO2), ortophosphate (P2O5), oxygen concentration, oxygen 
saturation and pH. No long term water temperature data were available. As an 
alternative, mean air temperature at the nearest meteorological station (Martim 
Longo) was analysed, considering that both factors are highly correlated. Still at 
the downstream site of the Vascão River, but at the exact location of a mussel 
bed, monthly measurements of water temperature, oxygen concentration and 
saturation, conductivity and pH were made between February 2005 and 
February 2006. An automatic probe was placed on this location to measure 
temperature on an hourly basis. 
 
Growth Studies 
Growth studies were based on external growth rings and actual shell length 
increments of marked mussels. The external growth rings of U. tumidiformis are 
well visible, usually less than five or six in number, and are well apart from each 
other. For this reason, growth rings were analysed directly on the external 
surface of shells. Based on the growth rings, the annual shell length increments 
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of 97 mussels collected between 2005 and 2008 in the upstream site of the 
Vascão River were recorded. All measurements were made using vernier 
calipers. 
To check the accuracy of the growth estimations using growth rings, the 
following procedure was used: Thirty four mussels from the upstream site of the 
Vascão River were marked in 2007 with a plastic tag bearing a unique numeric 
code (type FPN, Hallprint®). The tag was attached to the postero-dorsal margin 
of each mussel shell using cyanoacrylate waterproof cement. The shell length 
was measured and the mussels were then returned to the river. The site was 
surveyed one year later, and the shell length of recaptured mussels was 
measured. Twenty four marked mussels were recaptured. 
 
Gametogenic Cycle 
Since Unio tumidiformis is a very threatened species, the number of sacrificed 
specimens was reduced to a minimum. No more than three mussels were 
collected every month between March 2005 and March 2006 in the downstream 
site of the Vascão River. Additional specimens were collected from this site on 
July, October and December 2006 as well as from the upstream site on the same 
dates. A sample of the anterior portion of the foot of each mussel was taken and 
fixed in Bouin‟s fluid for 50 hours, then preserved in 70% ethanol. The samples 
were then dehydrated in a graded ethanol series, embedded in paraplast and 
serial sectioned (7-10 µm) with a microtome (Grande et al. 2001). All slides 
were stained with hematoxilin-eosin (Carazzi method). Male and female cells 
were identified and measured at different stages of development. 
 
Fecundity 
Thirteen gravid female mussels were collected in May 2009 from the upstream 
site at the river Vascão. To determine gravid females, the valves of each 
specimen were slightly opened in the field to check for the presence of glochidia 
in the marsupia. Only females with very tumid and whitish marsupia were 
selected. Because U. tumidiformis is a very threatened species, no specimen was 
sacrificed to estimate fecundity. Instead, mussels were taken alive to the 
laboratory where they were measured and glochidia were extracted by flushing 
the marsupia with water. The marsupia were then inspected to insure that 
almost all glochidia were extracted. All specimens were returned to the locality 
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of capture after obtaining the glochidia. Glochidia were suspended in water, and 
sub-samples taken for counting. 
 
Fish Community 
The fish community at this site was characterized between February 2005 and 
February 2006. Fish were sampled monthly on a 100 m long stretch of river for 
30 min, using a single anode electrofisher gear (300 V, 2-3 A, DC). The sampled 
river stretch and gear operator were always the same. All specimens were 
identified, counted and then released back into the river. 
 
Data Analyses 
The growth study was based on the von Bertalanfy growth equation. The annual 
growth increments were used to construct Ford-Walford plots (Walford 1946). 
These plots were used to estimate the asymptotic length L∞ and growth constant 
K (von Bertalanfy 1938). The asymptotic length L∞ is the theoretical maximum 
length that the shell can attain, and the growth constant K is the rate at which 
the asymptotic length L∞ is approached. The parameters were estimated for 
annual growth increments derived from mark-recapture data and from shell 
length differences between consecutive annuli. Analyses of covariance (ANCOVA) 
were performed to test for differences between slopes and intercepts of 
regression lines derived from Ford-Walford plots. To explore the possibility that 
freshwater mussels exhibit „good‟ and „bad‟ growth years (Anthony et al. 2001), 
annuli-derived L∞ and K estimates were also calculated for each year within the 
2002-2008 period. The relation between L∞ and K was investigated by means of 
the product-moment Pearson correlation coefficient. The estimates for both 
parameters were used to calculate the approximate age-at-length of the mussels 
using Southward and Chapman (1965) interpretation of the von Bertalanffy 
growth equation, which uses L0 (Length at t = 0) instead of t0 (time when L = 0) 
(see also Anthony et al. 2001): 
 
 
 
The size of the glochidium of U. tumidiformis in known (Reis & Araujo 2009) and 
can be considered a plausible approximation for the mussel size at t = 0 
(Anthony et al. 2001). The validity of this model was tested by means of a χ2 
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test, using the age that was determined by counting the annuli as the observed 
values. 
 
Basic statistics and graphic representations were used to describe the 
reproductive biology of U. tumidiformis. Correlation analyses were used to 
compare growth parameters and reproductive traits with environmental 
variables and fish community data. The Spearman rank correlation coefficient 
was used because the distribution of the values of some environmental variables 
was skewed. Principal component analysis (PCA) was used to find coherent 
subsets of variables that are relatively independent from one another. These 
subsets are related to components that can be represented as axis. The 
components are thought to reflect the underlying processes that have created 
the correlations between variables. PCA was carried out on correlation matrices 
to give similar weighting to all variables, which were previously transformed as 
log10 (x+1). Factor (component) scores for each year were compared with the 
growth constant K using the Spearman correlation coefficient. All computations 
were done using the STATISTICA® 6.0 software package. 
 
RESULTS 
Annual Environmental Variation 
Water temperature at the downstream site of the Vascão River in 2005 ranged 
from 7 to 32ºC, with variations up to 5ºC in a single day (Fig. 2A). During 
February the water temperature raised well over 10ºC and during March values 
above 15ºC were reached (Fig. 2A and 2B). The water temperature was very 
closely related to the air temperature (Fig. 2B). Oxygen saturation was close to 
100% all year round except between June and September when it raised well 
above this value, reaching a maximum of 140% (Fig. 2B). Both conductivity and 
pH values increased during spring and summer months and decreased in 
autumn to reach their minimum values during winter months (Fig. 2C). 
Conductivity values dropped sharply between October and November coinciding 
with the return of the precipitation and flow. Overall these physicochemical 
factors indicate an increase of the concentration of dissolved elements in the 
water during the summer, coinciding with the absence of flow and reduced water 
level. Oxygen saturation levels above 100% indicate some tendency for high 
primary productivity. 
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Figure 2. Annual variation of abiotic variables at the downstream site of the 
Vascão river. A: hourly water temperature variation in 2005; B: Monthly 
variation of air temperature, water temperature and oxygen saturation 
between February 2005 and February 2006; C: Monthly variation of 
conductivity and pH between February 2005 and February 2006. 
A 
B 
C 
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Inter-annual Environmental Variation 
Considering the 2002-2008 period, many environmental variables were inter-
correlated to some degree (Table 1). Nutrient concentrations were low and all 
parameters were well within the limits defined by the European Water 
framework Directive. NO3 concentration was usually under 2 mg/l except for a 
peak concentration when high flow events occurred at the end of the dry season. 
At the end of the drought period of 2004-2005, the NO3 concentration was 
threefold higher than any other recorded value, reaching 12.4 mg/l (November 
2005), but rapidly decreased to 1.42 mg/l in January 2006. These facts, 
together with the annual variation of oxygen saturation, suggest that eutrophic 
conditions built up during the dry period. A peak of NO3 concentration just after 
the return of precipitation probably reflects the inflow of materials from the 
surrounding landscape. The increase of the river flow during winter causes the 
sharp decrease in NO3 concentration. Average daily flow was inversely correlated 
to conductivity (rs = -0.78, p < 0.05) and the number of days per year with no 
flow was positively correlated to nitrate (rs = 0.77, p < 0.05), supporting the 
above observations. 
 
The first axis of the PCA (34.95% of the total variation) was related to mean 
daily flow on one hand, and to conductivity, hardness, oxygen concentration and 
saturation and a number of nutrients on the other (Fig. 3). This reflects the 
tendency of the organic and inorganic elements that are dissolved in water to 
get more concentrated as water levels decrease. The first axis or principal 
component (PC) can therefore be related to annual variations of flow and the 
direct impact of it on the concentration of dissolved elements in the water. The 
second PC (20.6% of the total variation) was strongly related to ammonia, pH 
and suspended solids, and to a lesser extent with the remaining environmental 
variables studied. There was a slight relation of this axis with mean daily flow, 
although it was not significant (r = -0.22, p = 0.623). Most factors related to the 
second PC change as a delayed consequence of the modification of other factors. 
For instance, pH depends on the dissolved elements of the water but can be 
buffered, and chlorophyll reflects the algal development that responds to 
temperature, nutrient levels and others. In this sense, the second PC may be 
seen as related to a lag-effect of flow variation, including change in eutrophic 
conditions.  Based  on the  environmental  factors  studied, years  2002 to 2008 
  
1
2
2
 
 
Table 1. Correlation matrix (Spearman Rs) for the growth constant K and physiochemical factors.  
 
 K Air Temp. Chl-a COD Cond. Fe Flow Ø NH3 NH4
+ NO3 NO2 O2 (mg/l) O2 (%) P2O6 pH Q S. S. T. Hard. 
Air Temp.  0.09                  
Chl-a 0.39 0.37                 
COD  0.36 -0.26 0.21                
Cond. 0.07 -0.88* -0.04 0.07               
Fe -0.11 -0.11 -0.58 0.49 -0.55              
Flow Ø  -0.07 -0.77 0.36 0.11 0.75 -0.32             
NH3  -0.86* -0.14 0.04 -0.14 0.00 0.09 0.43            
NH4
+  0.18 0.25 0.75 0.68 -0.21 0.14 0.25 0.25           
NO3 -0.29 -0.77 -0.13 0.16 0.77* -0.06 0.77* 0.40 -0.05          
NO2 -0.57 0.14 0.29 -0.64 -0.14 -0.35 0.32 0.71 0.04 0.09         
O2 (mg/l) 0.07 -0.31 0.21 -0.61 0.46 -0.78 0.43 0.00 -0.32 0.02 0.39        
O2 (%) -0.14 -0.20 0.21 -0.50 0.46 -0.99* 0.29 0.11 -0.25 0.04 0.32 0.82*       
P2O6 0.39 -0.09 0.00 -0.14 0.43 -0.49 0.11 -0.50 -0.39 0.36 -0.18 0.07 0.07      
pH -0.78* -0.49 -0.32 -0.14 0.43 -0.26 0.32 0.64 -0.21 0.67 0.29 -0.04 0.32 0.07     
Q  -0.18 0.71 -0.32 -0.11 -0.78* 0.52 -0.82* -0.11 -0.14 -0.45 -0.04 -0.68 -0.54 0.04 -0.07    
S. S. -0.50 0.09 -0.25 0.50 -0.14 0.38 -0.11 0.42 0.29 0.34 -0.14 -0.82* -0.46 -0.14 0.57 0.43   
T. Hard.  0.14 -0.77 0.25 0.14 0.93* -0.70 0.75 0.00 0.00 0.74 -0.07 0.39 0.50 0.54 0.43 -0.71 -0.07  
Total P  0.28 0.60 0.39 -0.29 -0.14 -0.58 -0.25 -0.36 -0.07 -0.20 0.14 0.04 0.21 0.68 -0.07 0.36 -0.14 0.14 
Air Temp. = air temperature, Chl-a = Chlorophyll-a, COD = Chemical Oxygen Demand, Cond. = conductivity, Flow Ø = number of days 
per year with no flow, Q = medium daily discharge, S. S. = suspended solids, T. Hard. = total hardness. 
Marked correlations (*) are significant at p < 0.05.
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could be grouped in three sets: years 2002 to 2004 and 2008 were quite uniform 
regarding water quality despite some variation in flow; years 2005 and 2007 
showed high pH values under a reduced flow situation; finally, year 2006 was 
characterized by high flow, pH, suspended solids and ammonia concentration 
values. 
 
 
Figure 3. Principal component analysis (PCA) of environmental variables 
between 2002 and 2008 at the downstream site of the Vascão River. The 
percentage variances associated to each axis are provided. 
 
 
Growth Studies 
The maximum observed age based on the number of growth rings was 7 years 
old, and the maximum shell length was 52 mm. The annual growth increments of 
marked mussels ranged from 1 to 13 mm, being negatively correlated with the 
initial length (rp = -0.813, p < 0.05, Fig. 4). One mussel exhibited a negative 
growth of 1 mm that could have arisen because of measurement error or actual 
shell  shrinkage  (Anthony et al. 2001).  We did not include  this measurement in 
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Figure 4. Ford-Walford plot for mark-recapture data. Each point is a recaptured 
mussel. The regression line, regression equation and explained variance r2 are 
shown. The intercept of the regression line with the x = y dash line gives the 
asymptotic length L∞. 
 
the analyses. The regression slope of the Ford-Walford plot, based on mark-
recapture data, did not differ significantly from the regression slope derived from 
annuli data (F=0.0137, df = 1, p > 0.9), and neither did the intercepts of both 
regressions (F=0.057, df = 1; p > 0.8). This indicates that annuli are formed 
annually and can be used in a reliable way to study growth in this population of 
Unio tumidiformis. The growth constant and asymptotic length based on annuli-
derived growth increments between 2002 and 2008 were K = 0.44 and L∞ = 51.2 
mm. Using these values, the age of each mussel was estimated according to the 
von Bertalanffy length-at-age equation: 
 
 
 
The χ2 test showed that there were no significant differences between the age 
estimated by applying this equation and the age determined by counting the 
growth rings of each shell (χ2 = 22.8, df = 168, p = 1.0). The asymptotic length 
L∞ in each year between 2002 and 2008 ranged from 48.4 mm to 72.1 mm, 
while the growth constant K varied between 0.20 and 0.58 (Table 2). These two 
growth parameters were inversely correlated (rp = -0.77, p < 0.05), showing 
that the potential maximum length of the mussels decreased as they grew faster. 
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Table 2. Asymptotic length L∞ and the growth constant K for each year between 
2002 and 2008. 
 
Year L∞ K 
2002 48.9 0.45 
2003 48.4 0.51 
2004 49.1 0.46 
2005 54.4 0.31 
2006 72.1 0.20 
2007 52.0 0.38 
2008 53.5 0.58 
 
 
The growth constant K was inversely correlated to ammonia concentration (rs = -
0.86, p < 0.05) and pH (rs = -0.78, p < 0.05). The correlation analysis between 
the PC factor scores and the growth constant K showed that the first axis was 
not related to K (rs = 0.0, p = 1.0) while the second axis was significantly 
correlated  to  K (rs = 0.89, p < 0.01). Figure 5  represents  the  variation of the 
 
 
 
 
Figure 5. Variation of K and selected environmental variables between 2002 and 
2008. A: K and mean daily flow; B: K and pH; C: K and suspended solids; D: 
K and Ammonia concentration. 
 
A B 
C D 
CHAPTER 5 – FLOW REGIME IN LIFE-HISTORY TRAITS OF FRESHWATER MUSSELS 
126 
growth constant K, average flow, pH, suspended solids concentration and 
ammonia between 2002 and 2008. The inverse variations between K and 
ammonia, pH and suspended solids are evident, but not with the mean daily 
flow. This corroborates the view that there is not a direct influence of flow 
variations in K. From the analysis of Fig. 5C it is also evident that suspended 
solids did not vary substantially between years, except for a peak in 2006 that 
was threefold higher than any other recorded value during the study period. This 
peak coincides with a flow peak (Fig. 5A) following two years of extreme low 
flow.  
 
Gametogenic Cycle 
A total of 46 specimens (mean length = 45.2±4.8 mm) from the downstream 
site of the Vascão River and 9 specimens (mean length = 39.4±8.2 mm) from 
the upstream site were studied. No hermaphrodites were found: at the 
downstream site 19 specimens were males, 19 were females and 8 were sexually 
undifferentiated, while at the upstream site 3 specimens were males and 6 were 
females. The length of sexually undifferentiated mussels was not significantly 
different from that of males and females (t = -0.37, p > 0.7). Male follicles were 
found on the smallest mussel studied (length = 22 mm, 2 years old). There were 
no significant differences in length between males and females (t = 0.22, p > 
0.8). 
 
The additional samples taken in 2006 did not show any different pattern of 
gamete development compared to 2005, so both years were analysed together. 
Three well defined phases could be identified by analyzing the histological 
sections of the gonads: 
 
March to July (Follicle formation) 
Some mature gametes were still found in some individuals in March, but it was 
during this month that the first stages of a new gametogenic cycle were found. 
During this period the gonads get gradually filled with follicles. No gametes were 
found in the interior of the follicles. The walls of male follicles contained sperm-
morulae, spermatogonia and primary spermatocytes, while the walls of female 
follicles contained oogonia, primary oocytes and granular nutrition cells. 
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July to November (Developing gametes) 
In July, follicles with free gametes in the lumen were seen for the first time. 
During this phase secondary spermatocytes and spermatides were visible in male 
follicles. In the female follicles, secondary (free) oocytes were now present, and 
their size increased progressively during this period (Fig. 6). At the same time 
the thickness of the female follicle wall decreased. The first stages of gamete 
development are still visible on the walls of male and female follicles. 
 
December to March (Mature Gametes) 
Mature gametes were found during 4 months, from December to March (Fig. 7). 
During this phase the male follicle was full of secondary spermatocytes, 
spermatides and mature spermatozoa (mean length = 2.8±0.2 µm, mean width 
= 1.2±0.1 µm). Spermatozoa were found being eliminated to the gonoducts 
(spawning). Female follicles possess a very thin wall and their lumen is filled with 
large ova (mean diameter = 92.5±21.5 µm). By March most follicles were either 
partially or completely spent, presenting an empty lumen and thickening wall (in 
preparation for the next gametogenic cycle). 
 
 
 
Figure 6. Seasonal variation of oocyte diameter for 2005-2006 data. 
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Figure 7. Seasonal variation of the proportion of mussels presenting mature 
gonad development. 
 
 
Fecundity 
Each gravid female contained between 1500 and 15000 glochidia in the outer 
demibranchs. There was a significant correlation between the logarithm 
transformation of the number of glochidia and the log shell length (r2 = 0.56, p < 
0.01), showing that the allometric constraint of body length on fecundity follows 
a power function (Fig. 8). The smallest analysed gravid mussel was 27 mm in 
length and estimated to be 2 years old. 
  
Fish Community 
The total number of fish captured each month during the study ranged from 26 
in January 2006 to 152 in June 2005 (Fig. 9). No fish were captured in December 
2005 due to very high flow at the time of sampling. The fish community varied 
along the study period. Special attention was given to species belonging to the 
genus Squalius (S. albrunoides and S. pyrenaicus), because  
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Figure 8. Number of glochidia in the brooding chambers plotted versus 
individual length. A power function regression line, equation and explained 
variance (r2) are represented. 
 
 
 
Figure 9. Variation of total fish captures and proportion of Squalius specimens at 
the downstream site of the Vascão river between February 2005 and February 
2006. 
 
 
these were shown to be hosts for U. tumidiformis glochidia (Reis & Araujo, 
2009). During winter and spring months (January to June 2005 and January and 
February 2006) a significant proportion of the fish captured belonged to this 
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genus (22.2 to 70.8% of the total number of fish captured). During summer and 
autumn months (July to November 2005), Squalius specimens composed no 
more than 9.6% of the fish community. These results indicate that there is a 
significant overlap between the period when female mussels are ready to release 
glochidia (March to August) and the period when the proportion of potential 
hosts in the fish community is highest. 
 
DISCUSSION 
Freshwater mussels are generally considered to be long lived animals. Life span 
estimates range from 8 years in some populations of Unio crassus (Hochwald 
2001) to over 100 years in Margaritifera margaritifera (Bauer 1992), Elliptio 
complanata and Lampsilis siliquoidea (Anthony et al. 2001). The results of the 
present study place the life span of U. tumidiformis from the Vascão River on the 
lower end of the scale, with a maximum observed age (Amax) of 7 years old. 
Hochwald (2001) found that a considerable variation in the life span between 
different U. crassus populations can occur over a very restricted area, with Amax 
ranging from 8 to 23 years. While the possibility that populations with higher 
Amax remains, U. tumidiformis seems to be one of the shortest lived freshwater 
mussels known. Accordingly, histological analyses and direct observations of 
gravid females indicate that individuals are sexually mature at the age of 2 years 
old. Only Anodonta species are known to mature at a younger age (Pekkarinen 
1993). 
 
The growth constant K was higher in U. tumidiformis than in most other 
European unionids. Varying from 0.2 to 0.58 (according to the year) and with an 
overall population value of 0.44, it was in a slightly higher range than German U. 
crassus populations (Hochwald 2001: 0.05 < K < 0.31) and Italian 
Microcondylaea bonelli (Nagel et al. 2007: 0.24 < K < 0.34), and considerably 
higher than British Anodonta anatina, A.cygnea, Pseudanodonta complanata, 
Unio pictorum and U. tumidus (Aldridge 1999: K < 0.13). Rapid growth is likely 
to be an adaptation to the highly variable environment, as much as it has been 
described for fish fauna (Ferreira et al. 2007). 
 
The asymptotic length calculated for 2006 (72 mm) was in strike contrast with 
the observed maximum length in the Vascão river (52 mm). Indeed the largest 
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U. tumidiformis specimen known, from the Ruidera lagoons in Spain, only 
measured 60 mm in length (Araujo et al. 2009a and J. Reis, personal 
observation). Being negatively correlated to L∞, it is not surprising that the 
lowest value of K (0.2) was recorded in 2006. The discrepancy between the 2006 
L∞ and the observed maximum length from any known population, as well as the 
discrepancy between the 2006 K and the population K in the Vascão River, 
indicate that the conditions that caused the 2006 growth pattern were in fact 
exceptional. It seems reasonable to expect that the frequency and continuity of 
years favoring certain growth characteristics might determine the actual growth 
pattern of each population. If this is so, comparing growth patterns of different 
populations on the basis of growth measured only during a few years may yield 
imprecise results, as already predicted by Anthony et al. (2001). The longevity of 
a species may increase the likelihood of error: in species like M. margaritifera the 
population growth parameters may integer more than one hundred years of 
varying growth patterns so that a few years study may not reflect the actual 
population trends. Even in a short lived species such as U. tumidiformis, errors 
are easy to make due to consecutive exceptional years. The importance of 
studying the whole generation time of the organism, either directly or indirectly 
is emphasized. Magalhães et al. (2007) had already stated the importance of 
covering at least one generation period of freshwater fish in highly variable 
environments such as Mediterranean-type streams. 
 
This study was performed during a period that encompassed different years in 
terms of hydrology and water quality. The results suggest that changes in water 
quality were triggered by high and low flow events, but could last longer than the 
actual modifications of the flow regime. The flow did not prove to be directly 
responsible for variations in growth patterns. Hochwald (2001) found that 
variation of growth parameters in U. crassus was almost exclusively due to 
temperature variations, while Bauer (1992) found that temperature was an 
important determinant for the growth of Margaritifera margaritifera. In the 
present study, mean annual temperature did not vary significantly and was not 
found to influence growth patterns. There was a clear trend of lower K values 
(and consequent higher L∞) with increasing pH and eutrophic conditions. 
Although Machado et al. (1988) found an inverse relation between pH and shell 
formation in the freshwater mussel Anodonta cygnea, this effect was not evident 
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for pH values between 6.7 and 11. Considering that pH values in the Vascão 
River were well above 7, it is unlikely that pH would have affected U. 
tumidiformis growth pattern. On the other hand, eutrophic conditions have been 
reported to affect the growth patterns of freshwater mussels: Arter (1989) stated 
that Unio tumidus living under increasing eutrophic conditions grew faster, while 
Bauer (1992) found the opposite result for M. margaritifera. Our results support 
that freshwater mussels grow slower under eutrophic conditions. They also 
indicate that a high ratio of inorganic particles to organic particles may make it 
difficult for unionids to capture food, as has been demonstrated by Madon et al. 
(1998) and Schneider et al. (1998) for the zebra mussel. This would explain the 
low growth rate in 2006 under very high levels of suspended solids. 
 
All European Unio have one tachytictic breeding period in spring (Hochwald 
2001). U. tumidiformis follows the same reproductive pattern. Mature gametes 
were found until March. This is the first month where glochidia can be found 
(Reis & Araujo 2009), while eggs can be found in the demibranchs as early as 
February (J. Reis, personal observation). Temperature was considered the trigger 
factor for spawning in several bivalve species, both freshwater and marine (e.g. 
Pekkarinen 1993; Garcia-Dominguez et al. 1996; Avelar & Mendonça 1998). If 
this is the case in U. tumidiformis, spawning would be triggered by temperatures 
of 10-15 ºC or higher. Although glochidia can be found during an extended 
period, as late as August, there was no evidence of a second gametogenetic 
cycle or spawning as has been found for other freshwater mussel species (Smith 
1978; Parker et al. 1984; Gordon & Smith 1990; Nagel 1991). Hochwald (2001) 
suggested that most if not all European Unio species have multiple spawning in 
one reproductive season. If U. tumidiformis presented a multiple breeding 
behavior, it would raise the question if a secondary faster gametogenic cycle 
would be involved. 
 
The reproductive cycle seemed to be well synchronized with annual changes in 
fish community so that glochidia were mature at the time of most abundance of 
host fish. It has often been described that reproductive timings may be related to 
the availability of certain resources, such as food (see review in Garcia-
Dominguez et al. 1996). It is unlikely that U. tumidiformis reproductive cycle 
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responds to the availability of host fish, but a co-evolutionary process has 
certainly taken place.  
 
Freshwater mussels are known for their high fecundity. Individual females often 
produce hundreds of thousands or even millions of glochidia in a single 
reproductive cycle (Ellis 1978; Bauer 1987; Piechocki 1999; Hochwald 2001). 
The fecundity of U. tumidiformis was considerably lower, comparable to the one 
found by McIvor and Aldridge (2007) for Pseudanodonta complanata. The 
correlation coefficient of the allometric constraint of body length on fertility in U. 
tumidiformis (r2 = 0.56) was slightly higher than the one calculated by Bauer 
(1998) for all Unio species (r2 = 0.45), and considerably higher than the one 
indicated by Hochwald (2001) for U. crassus (r2 = 0.25). Bauer (1987) argued 
that high fertility in M. margaritifera is achieved by the production of large 
amounts of glochidia combined with a large reproductive life span of several 
decades. This author stated that the extended reproductive period makes 
population less vulnerable to fluctuations in reproductive success. With its low 
fecundity and reduced life span, it would seem that U. tumidiformis would be 
poorly adapted to a highly variable habitat such as temporary Mediterranean-
type streams. And even though reduced life span has been described as an 
adaptation of some organisms to such variable habitats (Ferreira et al. 2007), 
low fecundity has not. It is therefore expectable that some other factor, like the 
probability of glochidia to get in contact with suitable hosts, may play a role to 
compensate for such low fecundity. In the current study, gravid females were 
present during the period of highest relative abundance of host fish, but it is 
unlikely that this would compensate alone for such a low fecundity. Vicentini 
(2005) described the behavior of glochidia spurting in U. crassus, arguably to 
attract potential host fish. More studies on the behavior of mussels and host fish 
during U. tumidiformis reproductive period would be necessary to further 
understand the dynamics of this system.  
 
In a pristine environment such as the Vascão River, the natural balance of a 
complicated set of inter-related factors can be observed. Growth patterns and 
the reproductive cycle of U. tumidiformis are well adapted to the environment 
where the mussels live and to the fish community variations. Under these 
circumstances drought and high flow events seem to have a minor impact on the 
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species, even though a certain amount of mortality can arise from direct 
exposure to air. This kind of resilience to disturbance has been described for 
several aquatic organisms (Boulton et al. 1992; Pires et al. 2000; Magalhães et 
al. 2007). However, changes in the hydrological variability pattern can disturb 
this balance. More frequent and severe drought periods can increase direct 
mortality, change life-history traits and affect recruitment through changes to 
host fish populations. This “threshold effect” has been described for invertebrate 
assemblages by Boulton (2003) and can cause a fast decline of the species. This 
may be the cause of decline of most other U. tumidiformis populations, where 
the effects of climate change and water exploitation on flow patterns have been 
more severe. 
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6. General Discussion 
This chapter presents an integrated discussion of the main results of the 
dissertation, regarding  the systematics and evolutionary history of the Unionoida 
in the Iberian Peninsula, the taxonomy and the life-history traits of the target 
species U. tumidiformis. Finally, the implications of the study for the species 
conservation are presented and discussed. 
 
6.1. Diversity and evolution of Iberian freshwater mussels 
Given the association between freshwater mussels and fish, due to their 
parasite-host relationship, it is not surprising that the worldwide diversity 
patterns of both groups are very similar. Four high diversity centers are 
recognizable (Fig. 6.1 and Chapter 1): the southeastern United States, the 
interior of the Amazon Basin, the western equatorial region of Africa and 
Southeast Asia. In fact, this pattern is common to other organisms as well (Abell 
et al. 2008), since the main constraints to freshwater biodiversity are isolation 
and dispersal events (e.g. watershed formation, glaciations), common to all 
groups. 
The Iberian Peninsula presents a relatively modest diversity of freshwater fish 
species. However, its long history of isolation since the rise of the Pyrenees (20-
80 MY) led to a high percentage of endemic species (Almaça 1995; Elvira 2005; 
Filipe et al. 2009). The diversity of freshwater mussels in the Iberian Peninsula is 
also relatively low: a total of 10 species are currently recognized (Table 6.1 and 
Appendix II), of which six species occur in Portugal (Reis 2006; Chapter 2). From 
these, one is widespread in Atlantic basins of North America and Europe 
(Margaritifera margaritifera), four occur also in Central Europe (Anodonta 
anatina, A. cygnea, M. auricularia and Unio mancus), three also in northern 
Africa (U. delphinus, U. gibbus and U. ravoisieri) and one is widespread around 
the Mediterranean (Potomida littoralis). Only U. tumidiformis  is  exclusively  
known  form  the  Iberian  Peninsula.  
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Figure 6.1. Worldwide freshwater fish species richness (from Abell et al. 2008). 
 
However, the possibility that U. tumidiformis or a close related species occurs, or 
has occurred, in northern Africa remains (Chapter 3). If this is the case, it may 
well be that no freshwater mussel species is exclusive from the Iberian 
Peninsula, but under the current evidence, U. tumidiformis should be considered 
the only Iberian endemic unionoid. 
Some of the events and processes that gave rise to Iberian freshwater fish and 
mussel diversity are well known, and include the breakup of Laurasia, the 
process of watershed formation from large endorrheic basins during the Tertiary 
Period, and the drying out of the Mediterranean in the late Miocene (Messinian 
Salinity Crisis) (e.g. Vargas et al. 1998; Machordom et al. 2003; Sanjur et al. 
2003; Doadrio & Carmona 2004; Doadrio & Perdices 2005; Graf & Cummings 
2006; Sousa-Santos et al. 2007; Filipe et al. 2009). The contrast between the 
proportions of endemic species in both groups cannot be attributed to the 
maintenance of gene flow between mussel populations, since their dispersal is 
dependent on fish dispersal and would have similar evolutionary consequences, 
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Table 6.1. Native freshwater mussel species that occur in the Iberian Peninsula 
and their overall distribution (see Appendix II for details). 
Species Iberian Distribution Global Distribution 
Margaritifera auricularia Large Atlantic and 
Mediterranean Rivers* 
Western Europe 
Margaritifera margaritifera Northwestern Atlantic slope Atlantic slopes of Europe and 
North-America 
Anodonta anatina Atlantic and Mediterranean 
slopes 
Western Europe 
Northern Africa? 
Anodonta cygnea Few lagoons and rivers in 
scattered locations† 
Western Europe 
Potomida littoralis Atlantic and Mediterranean 
slopes 
Circum-Mediterranean 
Unio delphinus Atlantic slope Atlantic slopes of the Iberian 
Peninsula and Morocco 
Unio gibbus Southwestern Atlantic slope 
(Barbate River) 
Southern Iberian Peninsula, 
northern Morocco, Algeria 
and Tunisia 
Unio mancus Mediterranean slope Mediterranean slopes of the 
Iberian Peninsula and France 
Unio ravoisieri Northeastern Mediterranean 
slope  
Mediterranean slopes of the 
Iberian Peninsula and 
northern Africa (Algeria and 
Tunis) 
Unio tumidiformis Southwestern Atlantic slope Iberian Peninsula 
Northern Africa? 
* Currently restricted to the Ebro River and adjacent channels. 
† Currently restricted to a few lagoons between the Mondego and Vouga Rivers (Atlantic slope) in 
Portugal. Known in the last 100 years from the Mondego River, Palomares River and probably the 
Minho River (Atlantic slope) and a lagoon near Girona (Mediterranean slope). 
 
even if not so evident in host generalist mussel species. It is hypothesized that 
the pattern observed in unionoids may be the consequence of reduced 
evolutionary rates. It has been argued for several organisms that one of the 
factors involved in reduced evolutionary rates is long generation time, which is 
associated to high longevity (Martin & Palumbi 1993; Gandon & Michalakis 
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2002). Freshwater mussels are amongst the most long-lived invertebrates, some 
species being amongst the most long-lived animals known (Bauer 1992; 
Ziuganov et al. 2000; Anthony et al. 2001; San Miguel et al. 2004). Machordom 
et al. (2003) have provided evidence for extremely reduced evolutionary rates in 
M. margaritifera, probably the most long-lived unionoid in the world, reaching 
ages of 190 years old in some populations (Bauer 1992; Ziuganov et al. 2000; 
San Miguel et al. 2004). The host-parasite interaction is often seen as 
advantageous to the parasite because of higher evolutionary rates, caused 
among other factors by lower longevity, which provides the possibility of local 
adaptations (Kaltz & Shykoff 1998; Gandon & Michalakis 2002). In freshwater 
mussels an inversion of this pattern is evident, as already suggested by Bauer 
(1997) for M. margaritifera and its salmonid hosts. 
Iberian biogeographic units or provinces based on freshwater fish species have 
been proposed by several authors (Table 6.2). Vargas et al. (1998) and Abell et 
al. (2008) considered a reduced number of units that fit well with freshwater 
mussel diversity (except for A. anatina, M. auricularia and P. littoralis, which 
were at least originally widespread in the Peninsula, and A. cygnea that is 
present in scattered locations, presumably due to an introduced origin): based 
on freshwater fish, Vargas et al. (1998) defined a Cantabrian unit (only Potomida 
littoralis was recently discovered), a Mediterranean unit (where U. mancus, U. 
ravoisieri and U. delphinus occur) and an Atlantic unit (M. margaritifera, U. 
delphinus, U. gibbus and U. tumidiformis); Abell et al. (2008) considered a 
Cantabrian unit (same as above), an eastern Iberia unit (U. mancus, U. ravoisieri 
and U. delphinus), a western Iberia unit (M. margaritifera and U. delphinus) and 
a southern Iberia unit (U. delphinus, U. gibbus and U. tumidiformis). Filipe et al. 
(2009) provided a more detailed analysis dividing the Iberian Peninsula in 11 
provinces. While this analysis depicts some units potentially interesting regarding 
freshwater mussels (for instance, in the Tambre and Navea-Narcea provinces 
only M. margaritifera occurs – Table 6.2), most reflect isolation and dispersal 
events important for freshwater fish but apparently with little effect in the 
evolution of Iberian unionoids. Such difference is probably based on the slower 
evolutionary rate of freshwater mussels. 
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Table 6.2. Iberian biogeographic units based on freshwater fish and freshwater 
mussel species (order Unionoida) that occur in their area. 
BIOGEOGRAPHIC UNITS UNIONOIDA SPECIES PRESENT(1) 
 
VARGAS ET AL. 1998 
 
Cantabrian basins M. margaritifera; P. littoralis 
Atlantic basins 
A. anatina; A. cygnea; M. margaritifera; P. littoralis; 
U. delphinus; U. gibbus; U. tumidiformis 
Mediterranean basins 
A. anatina; M. auricularia; P. littoralis; U. delphinus; 
U. mancus; U. ravoisieri 
 
ABELL ET AL. 2008 
 
Cantabric coast M. margaritifera; P. littoralis 
Western Iberia 
A. anatina; A. cygnea; M. margaritifera; P. littoralis; 
U. delphinus; U. tumidiformis 
Southern Iberia 
A. anatina; P. littoralis; U. delphinus; U. gibbus; U. 
tumidiformis 
Eastern Iberia 
A. anatina; M. auricularia; P. littoralis; U. delphinus; 
U. mancus; U. ravoisieri 
 
FILIPE ET AL. 2009 
 
Tambre M. margaritifera 
Navea-Narcea M. margaritifera 
North P. littoralis 
North-west A. anatina; A. cygnea; M. margaritifera;P. littoralis; 
U. delphinus 
Central-west A. anatina; M. margaritifera; P. littoralis; U. 
delphinus 
Mira A. anatina; P. littoralis; U. delphinus ; U. 
tumidiformis 
South-west A. anatina; P. littoralis; U. delphinus; U. gibbus; U. 
tumidiformis 
Tinto-Odiel A. anatina; P. littoralis; U. delphinus 
Central-east A. anatina; P. littoralis; U. delphinus ; U. mancus 
Túria-Mijares - 
North-east A. anatina; M. auricularia; P. littoralis; U. mancus; U. 
ravoisieri 
(1) Only living populations were considered. 
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6.2. Taxonomic status and distribution of Unio tumidiformis 
Unio tumidiformis was, for many years, a name in a list of many hundred names 
given to European freshwater mussels, but not recognized as a valid species. The 
present study showed that based on molecular, morphological and life-cycle 
evidences, this is indeed a valid species, replacing Unio crassus in the Iberian 
Peninsula (Chapters 2 and 3). 
The issue of the occurrence of U. crassus in the Iberian Peninsula was itself a 
controversial matter. Several authors mentioned the presence of this species or 
its sub-species U. c. batavus (=U. batavus) in the Iberian Peninsula (e.g. Morelet 
1845; Azpeitia 1933; Haas 1940, 1969; Velasco et al. 2003; Reis 2003, 2006; 
Pérez-Quintero 2006), while others did not, most noticeably Nobre (1941) in his 
review of the Unionoida from Portugal. Most of those references corresponded in 
fact to a taxon that we now evidenced to be a sister-species of  the well 
differentiated Central European U. crassus (Chapters 2 and 3). The key factors 
that supported this distinction were the molecular differentiation and life-history 
traits such as the glochidium size. The morphology of the shell of U. crassus 
seems to be very variable among European populations (Ellis 1978, Engel & 
Wächtler 1989, Hochwald & Bauer 1990, Hochwald 2001), and this fact was 
observed by analyzing collections at the Museo de Ciencias Naturales in Madrid 
(MNCN) and the Muséum National d‟Histoire Naturelle (MNHN) in Paris (Appendix 
I). Some populations, in particular those of U. c. batavus from Central Europe, 
could not be clearly distinguished from U. tumidiformis based on shell characters 
alone. Likewise, a U. crassus-like taxon from Algeria (Bourguignat 1864; five 
specimens in three unnumbered lots in the MNHN collections) share basic shell 
features with European U. crassus / U. tumidiformis. Molecular and life-history 
data are very scarce, so it is very likely that the U. crassus group (sensu Haas 
1969) includes several distinct species within its distribution area. In fact, COI 
gene sequence divergence between central and northern European U. crassus 
(3.2%, see Chapter 2) is an indicator that the diversity within the group has 
been probably underestimated. 
Despite the scarce information about U. crassus populations‟ taxonomic status, 
current evidences leave no doubt about the distinctiveness of Iberian U. 
tumidiformis in relation to the known U. crassus: high genetic divergences (mean 
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of 4.0% for 16S and 8.7% for COI genes), smaller glochidium, distinct ecological 
traits and a geographic gap between the distribution areas of both taxa, which 
apparently cannot be related to host fish or ecological conditions. These 
evidences point to a long history of biogeographical isolation that must have 
potentiated the differentiation of U. tumidiformis in the southwest of the Iberian 
Peninsula. In Chapter 3 it was hypothesized that this differentiation might have 
occurred in the Betic-Riff Massif, a land mass comprising present-day southern 
Iberia and northern Africa, which remained isolated until the end of the Miocene. 
Under this hypothesis, the occurrence of U. tumidiformis in the Tagus and Sado 
basins could be explained by connections between these basins and the 
Guadiana Basin that occurred later (e.g. Rodriguez et al. 1991; Sousa-Santos et 
al. 2007). However, the occurrence of U. tumidiformis in the Torgal River (Mira 
Basin) is more difficult to explain. Freshwater fish colonization of the extreme 
southwestern basins, including the Mira Basin, seems to have happened during 
the  upper  Miocene  and  followed  a path  north to south  from the  Tagus Basin 
(e.g. Sousa-Santos et al. 2007). A species originating from the Betic-Riff Massif 
would not have been able to follow this dispersal route. An alternative origin 
would be that U. tumidiformis would have evolved in the endorrheic basins that 
originated the current Tagus Basin. However, due to the historical connections 
between this basin and neighboring ones to the north and south, it would be 
expectable that U. tumidiformis would present a more widespread distribution, 
especially to the north of the Tagus Basin. Furthermore, northern basins such as 
the Douro apparently feature adequate ecological conditions, including adequate 
host fish (Chapter 4) for U. tumidiformis, so that a recent extirpation would be 
unlikely. Indeed the presence of freshwater mussels depends on a hierarchy of 
constraints (Vaughn & Taylor 2000; Fig. 6.2), with each level conditioning the 
relevance of the next. This hierarchy explains why suitable habitats hold no 
mussels when adequate host fish are absent, or why mussels are often absent in 
suitable habitats, with or without adequate host fish, due to biogeographic 
constraints. The widespread presence of suitable habitats and adequate host fish 
throughout Iberian basins, where U. tumidiformis never seems to have occurred, 
points to a strong biogeographic constraint influencing its distribution. This view 
is supported by the results obtained by Chora (2004), indicating that abiotic 
factors contribute little to explain the population and community structure of 
freshwater mussels (including U. tumidiformis, referred as U. crassus) in and 
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between 3 Portuguese rivers. It is premature to evaluate the path by which the 
common ancestor of U. tumidiformis and U. crassus reached the Iberian 
Peninsula. However, a southern route through the Mediterranean would not 
imply a massive extinction on northern and eastern Iberia, and would also 
account for the presence of a related species in northern Africa.  
 
 
Figure 6.2. Hypothesized hierarchy of constraints influencing freshwater mussel 
distribution (modified from Vaughn & Taylor 2000). 
 
 
6.3. Reproductive strategy of Unio tumidiformis 
The most remarkable feature of freshwater mussels‟ reproduction is their 
parasitic stage, usually involving a fish as the host (Kat 1984; Watters & O'Dee 
1998). This is a very successful adaptation to freshwater running waters, 
allowing effective dispersal of otherwise mostly sedentary animals, and 
constituted certainly an evolutionary advantage. The specificity of the parasite-
host relationship is probably determined by the independent evolution of mussels 
and fish as opposed to co-evolution or sequential evolution (Bauer 1997), and by 
physiological processes of parasite recognition or rejection (see Chapter 4). The 
evolutionary role of being associated to certain hosts has not been addressed 
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often in freshwater mussels. A selective pressure for having a range of host 
species as broad as possible seems evident (Bauer 1997). Mussels with few host 
species seem to be more vulnerable to habitat changes because of limited 
alternatives to complete their life-cycle. The range of hosts of unionoids is 
predominantly determined by the evolutionary histories of the mussels and 
hosts, which gave rise to intrinsic physiological processes of recognition and 
rejection. In fact, mutual recognition of the parasite and host is probably due to 
chemical cues that are determined genetically (Chapter 4). In this context, the 
fact that U. tumidiformis apparently only parasitizes fish species of the genus 
Squalius probably does not constitute a life-history strategy, but reflects its 
evolutionary history, that of Iberian cyprinids and the recognition and rejection 
processes that developed between them. It seems that this apparently 
specialized relation may be responsible for this mussel species being less 
abundant and less widely distributed within the basins where it occurs, than 
other species like A. anatina and U. delphinus, which arguably use a wider range 
of host species (Reis 2006; Appendix II). 
Being a host-specialist mussel, as seems to be the case of U. tumidiformis, may 
reduce the fitness of this species. Haag & Warren, Jr. (1999) predicted that a 
host-specialist species without a mechanism of attracting hosts would present a 
distribution that is dependent on the host‟s density. The distribution of host-
specialist species with elaborate host attraction mechanisms, and of host-
generalist species, would be independent of host density. No host attraction 
mechanism is known for U. tumidiformis, and even if it presented a spurting 
behavior, as the one described for U. crassus (Vicentinni 2005), this can hardly 
be referred to as “elaborate”. As such it is predictable that the distribution of U. 
tumidiformis is dependent on the density of Squalius populations, and this would 
explain why the species is absent from large rivers like the lower Guadiana River, 
where the density of Squalius is much lower than in tributaries and headwaters. 
All freshwater mussels are characterized by the absence of a post-reproductive 
period. Their reproductive output is therefore closely linked to their life span; 
because they are fertile until they die, the number of offspring produced by each 
female is directly proportional to its longevity. Bauer (1998) found that pearl 
mussels living in nutrient poor streams do not reproduce every year, and favor 
energy allocation to somatic functions. Under these circumstances, extending 
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longevity can improve fitness by allowing many spawning periods, even if not 
reproducing annually. Another consequence of this strategy is that because 
mussels grow very slowly during most of their reproductive period, fecundity is 
largely independent of size. Most freshwater mussels, however, live in streams 
that are richer in nutrients than M. margaritifera. The constraint of food supply 
does not play such an important role, and therefore mussels can reproduce more 
often.  Extended life span ceases to have such an important function in 
increasing fitness, and indeed most freshwater mussels do not exhibit longevities 
as high as the pearl mussel does (e.g. Hochwald 2001; McIvor & Aldridge 2007). 
This seems to be also the case of U. tumidiformis, a species that lives in streams 
extremely rich in nutrients and presents a rather short life span in comparative 
terms (Chapter 5). 
Having a reduced life span means that sexual maturation occurs at younger 
ages, and this should be reflected in an increasing influence of size in fecundity. 
Several species evidence such a relation (Bauer 1998; Hochwald 2001; McIvor & 
Aldridge 2007). U. tumidiformis follows this pattern. The differences are 
particularly evident between 2-years old females (25 to 30 mm in shell length) 
and older ones (over 35 mm in length) (Chapter 5). Having a strong allometric 
constraint on fertility and a short life span may be partially compensated by a 
high growth rate that allows females to grow to a larger size in a short period. In 
fact, U. tumidiformis has one of the highest growth constants known among 
European freshwater mussels (Chapter 5). A high growth rate must be favored 
by the food availability, which in turn has been related to higher reproductive 
frequency (Bauer 1998). These life-history traits (short longevity, high growth 
rate, young age maturity, frequent reproduction) allow this species to present a 
fast generation renewal. 
 
6.4. Hydrological variability: a threat to freshwater mussels? 
The freshwater mussel U. tumidiformis lives almost exclusively in Mediterranean-
type streams with great hydrological variations within and between years (Reis 
2006; Chapters 3 and 5; Appendix II). Typically these streams dry out in 
summer, being reduced to a series of pools, and are subject to flooding events in 
winter. The periodic drying of the stream bed drastically reduces the available 
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habitat for mussels to the areas where the water remains year after year. These 
pools serve as refuge for many organisms (Magalhães et al. 2007). Severe 
droughts and floods have been known in various systems to cause significant 
mortalities by exposing mussels to air or inadequate habitats (Hastie et al. 2001; 
Golladay et al. 2004). Furthermore, large hydrological variations cause important 
variations in water quality and temperature that affect aquatic biota as well 
(Tramer 1977; Boulton & Lake 1992; Boulton 2003; Golladay et al. 2004; 
Magalhães et al. 2007). 
The organisms that live in such environments must be adapted to this instability. 
They must be able to survive, reproduce and disperse to maintain healthy 
populations. Freshwater mussels are mostly sessile when adults, which implies 
that they usually cannot actively escape from adverse conditions. Only small 
movements are known to allow relocation in response to small habitat changes 
(Young & Williams 1983). As a consequence, U. tumidiformis and other sympatric 
species must be tolerant to a wide range of water quality conditions. Freshwater 
mussels are not known to be able to support long periods of desiccation (Chen et 
al. 2001), so that mortality in stream stretches that repeatedly dry out should be 
the main responsible for the mussels‟ patchy distribution. In these systems, 
mussel beds are typically found at the locations of permanent water pools 
(Joaquim Reis, personal observation), where their probability of survival is 
higher. 
The similar reproductive pattern of U. tumidiformis in years 2005 and 2006, 
which were very distinct in terms of hydrology, suggests that hydrologic variation 
does not affect the reproduction timing. Glochidia are present in females from 
March to August (Chapter 3 and Appendix II), a period typically characterized by 
the reduction of the stream water level and loss of connectivity between pools. 
Depending on the hydrological characteristics of a given year and the preceding 
ones, during this period the stream may already be reduced to a series of 
disconnected pools or a continuous surface flow may remain. It is expectable  
that  the  recruitment  of  juveniles  is  dependent  on  the hydrologic 
characteristics of a given reproductive year: during low water level conditions the 
fish tend to concentrate in the pools, as do the glochidia eventually released by 
the mussels. This should increase the probability of infestation. The fact that the 
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Figure 6.3. Hypothetical framework of the influence of hydrological variability 
and intrinsic characteristics of U. tumidiformis in its capacity to recover from 
periodic disturbance. The key combination of factors is the alternation of high 
recruitment and high dispersal events, potentiated respectively by low water 
level (dry years) and high water level (wet years), and the intrinsic capacity to 
renew generations rapidly. 
 
 
metamorphosis takes place in only a few days or weeks implies that the juveniles 
will fall within the pool area, increasing the probability of survival in future years. 
In this context, dry years should allow high recruitment levels to the mussel 
population. Discharge related recruitment levels have already been described for 
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other freshwater mussel species, e.g. for Fusconaia ebena (Payne & Miller 2000) 
and M. falcata (Howard & Cuffey 2006) in the United States. On the other hand, 
the concentration of fish and glochidia are lower at high water levels and the 
probability of infestation should decrease. If some surface flow remains, glochidia 
will also be flushed downstream. However, if reproduction takes place under 
surface flow conditions, this will allow infected fish to disperse along the stream, 
potentiating some gene flow between mussel beds and the formation of new 
mussel beds. 
Given the low fecundity of U. tumidiformis (Chapter 5), low water level periods 
that significantly increase recruitment may be fundamental to maintain 
population levels, and to compensate for mortalities caused by severe droughts 
and flooding events. In the absence of a host attracting mechanism, during high 
water levels the rate of infestation must be much reduced due to the low 
fecundity. Nevertheless, infected fish during surface flow situations must play a 
key role in maintaining gene flow between mussel beds and to reestablish mussel 
beds that may have disappeared during a severe drought or flooding event. New 
permanent pools that may form as a consequence of the reshaping of the stream 
bed during high flow can only be colonized in this way (Young & Williams 1983). 
In a dynamic system such as the one described before, the advantages of being 
able to rapidly renew generations evidenced by U. tumidiformis is intuitive. 
Mussels in new mussel beds or in different beds from their progenitors‟ can 
initiate reproduction before a severe hydrological event eliminates them, and 
depleted mussel beds can recover quickly before another depletion event. As a 
result, U. tumidiformis seems to be well adapted to its environment, being able 
to recover quickly from disturbance events (Fig. 6.3). Di Maio and Corkum 
(1995) suggested that some unionids may be associated to certain river types 
with specific hydrological features and that their distribution can be predicted 
using flow-related stream attributes. In hydrological instable streams, aquatic 
macroinvertebrates have been shown to be very resilient and able to recover if 
they are not completely eliminated (Boulton et al. 1992; Pires et al. 2000). The 
freshwater mussel U. tumidiformis seems to confirm these predictions (Chapter 
5). 
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 6.5. Implications for conservation 
One of the classical approaches for nature conservation is by focusing on 
individual species. This approach is especially useful if the conservation of 
individual species allows the conservation of many other species and the habitat 
where they live. Freshwater mussels are filter-feeders and are closely associated 
to fish fauna through their parasitic stage. These features make freshwater 
mussels especially susceptible to environmental changes (Mouthon 1996), and 
remarkable bioindicators and sentinel species as well (Englund & Heino 1995; 
McMahon & Bogan 2001; Won et al. 2005). 
Unfortunately, efforts to conserve freshwater mussel species have been 
hampered by a poor knowledge of their systematics and taxonomy (Graf & 
Cummings 2006; Appendix II). Europe has been a particularly problematic region 
in this respect due to high number of species described in the 19th century. The 
correct determination of the validity of U. tumidiformis and its distribution 
(Chapters 2 and 3; Appendix II), as well as of other Iberian Unionidae (Appendix 
II), was an essential step towards their conservation. It allowed the 
determination of the species conservation status, and the study of essential life-
history traits for proposing management options. In the United States the 
knowledge of the status of species and of their life-history traits were identified 
as key problems to the conservation of Unionoida (The National Native Mussel 
Conservation Committee 1997). 
Being eventually the only Iberian endemic unionid species (Chapter 3 and 
Appendix II) increases the relevance of conservation actions directed towards U. 
tumidiformis. Furthermore, its restricted distribution and the poor conservation 
status of most known populations (Chapter 3) are a cause of concern. The main 
threats with a potential impact on the survival and life-history patterns of U. 
tumidiformis are summarized below: 
Changes in flow regime: the distribution area of U. tumidiformis is part of the 
Mediterranean region, which shows a trend for reduced precipitation, aggravated 
by the increase of water abstraction for human use. This trend has as a 
consequence more frequent and severe drought events (Schönwiese & Rapp 
1997; IPCC 2001; Millán et al. 2005; Magalhães et al. 2007). This causes a direct 
increase of mortality because more pools dry out during summer. It also 
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represents a shift towards a predominant low water level situation (see Fig. 6.3), 
which leads to an increase of the duration of the lentic and fragmented 
conditions of the river, especially during the reproduction period of U. 
tumidiformis. While this can cause an increase in recruitment that could 
compensate for the increased mortality, it probably has serious effects against 
gene flow and dispersal. Mussels may be subject to more pronounced bottleneck 
effects, and may be unable to colonize or re-colonize available habitat patches. 
Dams: Small and large dams have a severe impact on freshwater mussels 
(Bogan 1993; Vaughn & Taylor 1999). They create serious barriers for dispersal 
(Watters 1996, 1999) and reduce available habitat by transforming lotic 
environments into lentic ones (Watters 1999; Bunn & Arthington 2002). The 
effect of dams as barriers to fish dispersal has been argued as one of the main 
causes for the decline or extinction of freshwater mussel populations (Bogan 
1993; Layzer et al. 1993; Watters 1996; Vaughn & Taylor 1999; Hardison & 
Layzer 2000; Sethi et al. 2004), because they greatly reduce or eliminate 
potential host populations for the glochidia. Large dams also change radically the 
flow regime downstream (Bunn & Arthington 2002), which in Mediterranean-type 
streams tends to become much more stable year round, eliminating severe high 
and low water levels. The effect of this change significantly modifies the 
hypothetical balance for freshwater mussels (Fig. 6.3), but its consequences are 
not known. It seems predictable that recruitment may suffer a serious decline, 
especially considering the low fecundity of U. tumidiformis, which contrasts with 
high fecundities of other species (Ellis 1978; Bauer 1987; Piechocki 1999; 
Hochwald 2001). Finally, the discharge of cold hypolimnetic water is known to 
limit some mussel species reproduction bellow dams (Layzer et al. 1993), which 
is a likely threat to U. tumidiformis considering the species threshold of 10-15ºC 
for spawning (Chapter 5). 
Fish and bivalve species introductions: The habitat of U. tumidiformis has only 
been invaded to date by one non-indigenous bivalve species, the Asian clam 
Corbicula fluminea (Appendix II). While the real impact of the presence of this 
species in unionids has been debated (Phelps 1994; Yeager et al. 1999; Vaughn 
& Spooner 2006; Sousa et al. 2007), it seems that in non-ideal conditions it may 
be favored over native mussel species (Kraemer 1979; Vaughn & Spooner 2006). 
One of the few mechanisms by which C. fluminea has been shown to affect 
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adversely freshwater mussels, is during massive die-offs that significantly 
increase the ammonia concentration in the water (Cooper et al. 2005), The 
zebra-mussel Dreissena polymorpha is a much more invasive species (e.g. 
Burlakova et al. 2000), whose expansion in Spain poses a more serious threat 
over the Guadiana native mussel communities. On the other hand, the Guadiana 
Basin is home to many introduced fish species (Ribeiro et al. 2009), whose 
immediate impact is likely to be much more serious. Introduced fish species are 
favored by non-ideal conditions, especially by the presence of lentic 
environments created by dams (Ribeiro & Collares-Pereira 2010). They have 
replaced the native fish species in several locations and/or seriously altered the 
fish communities. Given the high dependence of freshwater mussels on healthy 
native fish communities, these modifications can have drastic effects on mussel 
populations. U. tumidiformis is especially susceptible to these changes due to its 
narrow host species range (Chapter 4). 
Water quality: because of the natural instability of Mediterranean-type streams, 
freshwater mussels living in them tend to exhibit a high tolerance to a wide 
range of water quality conditions. However, they are not immune to extreme 
variations of certain factors. The present study suggests that a significant 
increase in suspended solids may cause significant changes in the growth rate of 
U. tumidiformis (Chapter 5), probably because it makes it difficult for mussels to 
capture food particles as suggested for the zebra mussel (Madon et al. 1998; 
Schneider et al. 1998). Eutrophication, a growing concern in the distribution area 
of U. tumidiformis, has been demonstrated to interfere with life-history traits of 
freshwater mussels as well (Arter 1989; Bauer 1992). The quality of the 
interstitial water of the sediment has been shown to be of particular importance 
to juveniles of some species such as M. margaritifera (Buddensiek et al. 1990; 
Buddensiek & Ratzbor 1995; Gatenby et al. 1997). This issue was not studied for 
U. tumidiformis but its importance cannot be diminished, as juveniles are a 
crucial and fragile phase of the mussels‟ life-cycle. 
 The above considerations emphasize the need to protect the river and the 
landscape around it as a whole, ensuring the integrity of flow regime, water 
quality and fish communities in order to achieve an efficient conservation of U. 
tumidiformis. This species is currently protected by the European Habitat 
Directive under the name U. crassus, which is listed in the Annexes II and IV 
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(Barea-Azcón et al. 2008; Chapter 2), but listing U. tumidiformis as a valid 
species with its own characteristics and threats is a necessary step towards its 
conservation under Portuguese and Spanish legislation. This will insure that a 
minimum proportion of areas inhabited by this mussel must be protected and 
that specific conservation actions must be undertaken. Active management 
actions, such as translocation, captive reproduction and reintroduction may be 
needed to minimize the impacts of threats and to recover some populations (e.g. 
Cosgrove & Hastie 2001; Reis 2006). The knowledge of the present distribution 
and of the specific ecological and life-history traits obtained in this dissertation is 
essential for the success of these actions. 
Presently, from the 28 known populations of the species (see chapter 3), only 
one can be considered not threatened: the Vascão River population, extending 
for about 80 km of this river (Reis 2006) with mean densities up to 0.01±0.04 
mussels per square meter (Chora 2004), and locally abundant with small mussel 
beds of tens or hundreds of specimens (Joaquim Reis, personal observation). In 
all other populations the river length inhabited is very limited (usually less than 
10 km), increasing the probability that disturbance may eliminate almost all the 
mussels. This was the case in the River São Pedro during the 2005 drought 
(Joaquim Reis, personal observation). As a result, in many of the known 
populations no more than a few mussels were found, often less than five (e.g. 
Torgal, Pardiela). The implications of this situation for the conservation and 
management of U. tumidiformis is that translocation between rivers can only rely 
on the Vascão River population as a potential donor. This option is not likely to 
affect the conservation status of the donor population, but the genetic 
compatibility between populations should be investigated prior to application. 
Nevertheless, the ease to obtain juveniles in captivity makes this conservation 
tool the most adequate to reinforce present populations using their own mussels 
as progenitors. Hundreds or thousands of juveniles can be obtained from a single 
female, so that a severely depleted population can be significantly reinforced. 
This would maintain very low levels of genetic diversity though, and the effects 
of such a bottleneck should be investigated. Introductions in rivers that are likely 
to have had U. tumidiformis populations in the past (e.g. Degebe River) or where 
mussels are known to have occurred (e.g. in the Tagus Basin) may also be a 
feasible conservation strategy using captive reared juveniles, obtained from 
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progenitors as close as possible from the destination site. These actions can only 
be successful if the habitat threats for each population or river have been 
correctly identified and eliminated. In particular, permanent water refuges must 
be insured to allow the survival of the mussels during drought periods. This 
seems to be the main threat for almost all known populations. 
Maintenance and recovery of riparian vegetation that creates refuge areas during 
low and high flow events, river engineering works to create new permanent 
water refuges, strict water use policies during drought years and the captive 
rearing of juveniles mussels are the key elements for the conservation and 
recovery of the 28 remaining populations of U. tumidiformis (Chapter 3) and for 
the re-establishment of other populations, insuring the conservation of this 
species. 
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Final Remarks 
 
The general goal of this dissertation was to clarify the systematics, taxonomy, 
distribution and general biological traits of the neglected freshwater mussel Unio 
tumidiformis Castro, 1885, allowing to understand the degree and causes of its 
decline and to propose efficient conservation measures. To do so, four aspects 
were focused: the evolutionary history, taxonomic position and geographic 
location of U. tumidiformis in the context of the Iberian freshwater mussel 
diversity; the evolution of the status of the species, as inferred by its presently 
known populations, bibliographic references and museum collections; the parasitic 
stage of the mussel and its host specificity; the life-history traits of the species 
and the potencial influence of the flow regime of the temporary Mediterranean-
type streams they live in. The main findings of this study were as follows: 
 
1) At least six freshwater mussel species occur in Portugal, representing 60% 
of the Iberian diversity (10 species). Two families are represented: 
Margaritiferidae (2 species, 1 genus: Margaritifera) and Unionidae (8 
species, 3 genera: Anodonta, Potomida and Unio). The genus Unio is the 
most diverse with five species (U. delphinus, U. gibbus, U. mancus, U. 
ravoisieri and U. tumidiformis). U. tumidiformis is the only species 
exclusively known from the Iberian Peninsula. Iberian freshwater mussels 
seem to have evolved from ancestors that colonized the Peninsula at 
different times; as a consequence the current species are more closely 
related to other species outside the Iberian Peninsula than to each other 
(e.g. the sister-species of U. tumidiformis is U. crassus). The differentiation 
of Iberian species was triggered by events such as the rise of the Pyrenees, 
the formation of Tertiary endorheic basins and the isolation of the Betic-Riff 
massif. 
 
2) The molecular, morphological and biological traits of U. tumdiformis reflect 
its evolutionary history, all being more similar to the Central European U. 
crassus than to other Iberian species. U. tumidiformis is readily 
distinguishable in Iberian rivers by its reduced maximum shell length (60 
mm), reduced length to width ratio (2.57±0.18), umbo sculpture consisting 
CHAPTER 7 – FINAL REMARKS 
168 
of strong wavy rugae, absence of a supra-cardinal thickening in the right 
valve and small glochidium (201 x 159 µm). 
 
3) The evolutionary history of U. tumidiformis, which is hypothesized to have 
originated in the Betic-Rif massif from a common ancestor to U. crassus, 
seems to be responsible for its restricted distribution on the southwestern 
Iberian Peninsula. Under this hypothesis, the species must have dispersed 
to neighboring areas after the end of the isolation period of the massif. The 
extinction of U. tumidiformis in the Tagus Basin, the relict populations in the 
Mira and Sado basins and the reduced size (in number of mussels or length 
of river inhabited) of many populations in the Guadiana Basin, indicate a 
severe decline on the last 150 years. 
 
4) Complete metamorphosis of glochidia was only achieved in fish from the 
genus Squalius. Five different host species belonging to this genus were 
successfully tested: S. alburnoides, S. aradensis, S. carolitertii, S. 
pyrenaicus and S. torgalensis. Some of these species are not sympatric with 
U. tumidiformis (S. aradensis and S. carolitertii), emphasizing the 
biogeographic constraints over the host availability as determinant to the 
species distribution in the Iberian Peninsula. Juveniles were obtained as 
soon as 6 days after glochidia encystment at a mean temperature of 
26.1ºC. 
 
5) U. tumidiformis appears to be strictly dioecious with no sexual dimorphism. 
The gametogenic cycle begins in summer and mature gametes are present 
from December to March. Mature glochidia are found in female marsupia 
between February and July. Females start reproducing during their second 
year of age. Fecundity is low, up to 15,000 glochidia per female and 
reproductive period, and is significantly related to the shell length, 
indicating a strong allometric constraint on fecundity. 
 
6) The longevity of U. tumidiformis is very low compared to other freshwater 
mussel species, and is associated to high growth rates. Growth rates seem 
to vary considerably due to environmental factors affected by hydrologic 
variations of the river, such as high level of suspended solids in the water 
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that was associated to the lowest growth rates in a period of 7 years. 
Reduced longevity and high growth rates are common adaptations to very 
variable environments such as Mediterranean-type streams, allowing fast 
generation renewal. 
 
U. tumidiformis is the only freshwater mussel species that is only known from the 
Iberian Peninsula, has a restricted distribution (with 28 remaining populations in 
the Mira, Sado and Guadiana basins, of which 25 are located in the Guadiana 
Basin, both in Portugal and Spain) (Chapter 3) and their populations show 
evidences of severe decline. Furthermore, it seems to be a host-specialist species 
and its typical habitat is particularly susceptible to climate changes, with the 
increase of the probability of the occurance of extreme flow conditions. These 
facts make this species of particular conservation interest and reinforce the 
importance of taking action in order to protect it. Its conservation status seems to 
be of greater concern than that of its sister-species U. crassus, from which it 
should be urgently separated in the Habitats Directive annexes, allowing to 
account for specific conservation measures for the Iberian taxon. 
 
The life-cycle and growth pattern of U. tumidiformis suggest that there is a trade-
off between the probability of survival, the reproductive output and the 
maintenance of gene flow between mussel beds. Mussels seem to grow as fast as 
they can, which increases the probability of reproducing before dying from an 
extreme flow event (e.g. drought). On the other hand, the reproductive output in 
dry years may be very high because glochidia and host fish are more concentrated 
in the reduced water volume of pools, and are more likely to get into contact. 
Reproduction at times when the rivers maintain some connectivity is likely to 
produce much fewer juveniles, but may be essential for the dispersial of glochidia 
along the streams allowing some gene flow to occur between mussel beds. 
Reproduction during “wet” years is also likely to be important to the establishment 
of new mussel beds and to re-colonize areas depleted by extreme mortality 
events. 
 
The characteristics of the parasitic stage of U. tumidiformis, in particular the ease 
to obtain large numbers of juveniles in captivity in a fast and efficient way, make 
this a very promising and adequate strategy to complement habitat recovery 
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actions and reinforce the remaining populations of this species. Population 
reinforcements with juveniles obtained from different populations may be a 
necessary action to recover some genetic diversity of severely threatened 
populations, but needs further investigation. 
 
The present study contributed to clarify the taxonomic and conservation status of 
a neglected Iberian freshwater mussel species, U. tumidiformis, and to identify 
some key biological factors important for its conservation and improvement of the 
condition of the few existing populations. However, many questions remain 
unanswered: 
 
o Is U. tumidiformis or a related species present in North Africa, and if so, 
how does it relate to the Iberian taxon and to U. crassus? 
o Are there different species commonly designated as U. crassus in Central 
Europe and how do they relate with the Iberian U. tumidiformis? 
o How did U. tumidiformis reach the Mira Basin? 
o What factors caused the extinction of U. tumidiformis in the Tagus Basin? 
o Do Squalius species from Iberian Mediterranean basins also constitute 
adequate host fish? 
o Do juveniles originating from different Squalius species have the same 
probability of survival? 
o Do juveniles obtained at different metamorphosis rates have the same 
probability of survival? 
o What is the minimum host population size to enable a viable mussel 
population? 
o Do different mussel populations present different growth and reproductive 
patterns under the same environmental constraints? 
o Are there a minimum number of mussels, mussel beds or river length that 
makes a population viable? 
o Is there an ideal frequency of alternating high and low flow years to 
maintain the balance between reproductive output and gene flow? 
o Can we predict the decline of a mussel population based on the predictions 
of the future flow regime of a river? 
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The success of freshwater mussels evolutionary history is illustrated in the present 
study by the evidences of colonization, diversification, dispersal and adaptation to 
extremely variable environments. Unionoida bivalves depend upon and determine 
themselves the whole ecosystem in which they live, raising key questions about 
the complex interactions that maintain the balance of the system. Failure in 
preserving naiad species and populations represents not only a loss of 
biodiversity, but also our own failure in understanding the functioning of aquatic 
ecosystems.  
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Table A1. National Museum of Natural History (Museu Bocage), Lisbon, Portugal. All 
specimens were collected in Portugal. Species identified by the candidate. 
Lot Label Identification Collection date Collection site 
- - 
1 Potomida littoralis 
3 Unio delphinus 
26-03-1977 Foupana River 
- 
Unio pictorum or 
littoralis? 
12 Unio tumidiformis 
17 Unio delphinus 
2 Unio sp. 
18-06-1977 - 
2250 2 Unio pictorum 2 Unio delphinus 02-09-1983 
Sabor River, Izeda-Santulhão 
road 
2251 - 2 Unio delphinus 13-01-1980 Degebe River 
2672 1 Anodonta cygnea 1 Anodonta anatina 31-08-1979 
Aravil River, Ladoeira-Febreira 
road 
2672 - 
2 Unio tumidiformis  
2 Unio delphinus 
03-08-1981 
Degebe River, Albardão bridge, 
Reguengos-Évora road 
2673 1 Anodonta cygnea 1 Anodonta anatina 27-01-1981 
Murtigão River, EN 258: 
Barrancos-Moura 
2674 3 Unio pictorum 3 Unio tumidiformis 25-03-1970 Odeleite River 
2675 3 Unio pictorum 3 Unio delphinus 01-08-1979 
Erges River, Monfortinho road 
EN 240, km 53 
2677 1 Unio littoralis 1 Potomida littoralis - Algarve 
2683 2 Anodonta cygnea 
1 Anodonta anatina 
1 Mytilus eduli 
27-03-1976 Foupana River 
2684 1 Unio pictorum 1 Unio delphinus 27-01-1981 
Safareja River, EN 258: Safara-
Barrancos 
2685 2 Unio pictorum 2 Unio tumidiformis 26-03-1976 Castro Marim marsh 
2686 Unio pictorum 
2 Potomida littoralis 
3 Unio tumidiformis 
12 Unio delphinus 
06-06-1976 Foupana River 
 
 
 
 
 
Table A2. Zoological Museum of the University of Coimbra, Portugal. All specimens collected 
in Portugal. Species identified by the candidate. 
Lot Label Identification Collection site 
60 5 Unio pictorum 5 Unio delphinus Campo de Coimbra 
61 5 Unio littoralis 5 Potomida littoralis 
3 Campo de Coimbra 
2 Pateira de Fermentelos 
62 6 Anodonta cygnea 
2 Anodonta anatina 
3 Anodonta cygnea 
Campo de Coimbra? 
Pateira de Fermentelos? 
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Table A3. Nobre collection, Zoological Museum Dr. Augusto Nobre, Porto, Portugal. All 
specimens collected in Portugal unless otherwise indicated. Species identified by the 
candidate. 
Lot Label Identification 
Collection 
date 
Collection site 
- Anodonta cygnea Anodonta anatina - Portugal 
- 
Anodonta cygnea (A. 
macilenta Morelet) 
Anodonta anatina - Portugal 
- Anodonta cygnea Anodonta anatina - Portugal 
- Anodonta cygnea Anodonta anatina - Portugal 
- 
Anodonta cygnea (A. 
macilenta Morelet) 
Anodonta anatina - Portugal 
- Margaritana margaritifera Margaritifera margaritifera - Portugal 
- Unio littoralis Potomida littoralis - Portugal, Spain? 
- Unio littoralis Potomida littoralis 1971 Portugal 
- Unio pictorum Unio delphinus - Minho River 
- Anodonta cygnea Unio sp. - Portugal 
862/5 Unio pictorum Unio delphinus 1909 Mondego ditch 
863/1 Unio littoralis Potomida littoralis - Portugal 
864/2 Unio littoralis Potomida littoralis 1909 Mondego ditch 
865/2 Unio littoralis Potomida littoralis - Portugal 
866/1 Unio pictorum Unio delphinus 07-1909 Tejo, Abrantes 
867/2 Anodonta cygnea Anodonta anatina 07-1891 Vouga River, Aveiro 
868/2 Anodonta cygnea Anodonta cygnea 07-1909 
Mondego River, 
Coimbra 
869/1 Margaritana margaritifera Margaritifera margaritifera 07-1891 Vouga River, Aveiro 
870/1 Anodonta cygnea Anodonta anatina 07-1909 Tejo River, Abrantes 
871/1 Anodonta cygnea Anodonta cygnea 07-1909 Vouga River, Aveiro 
872/3 Unio pictorum Unio delphinus - Minho River 
873/3 Unio pictorum Unio delphinus 07-1909 Minho River, Melgaço 
874/3 Unio littoralis Potomida littoralis 07-1909 Minho River, Melgaço 
875/1 Anodonta cygnea Anodonta anatina 07-1909 
Mondego River, 
Coimbra 
876/2 Unio littoralis Potomida littoralis 07-1909 Tejo River, Abrantes 
877/1 Anodonta cygnea Anodonta anatina 1909 
Mondego River, 
Coimbra 
878/1 Anodonta cygnea Anodonta cygnea 07-1909 
Mondego River, 
Coimbra 
879/1 Unio littoralis Potomida littoralis 07-1909 Tejo River, Abrantes 
880/2 Unio pictorum Unio delphinus - Douro River 
881/2 Unio littoralis Potomida littoralis - Guadiana River 
882/1 Margaritana margaritifera Margaritifera margaritifera - Douro River 
883/2 Unio pictorum Unio delphinus 1909 Barca d’Alva 
884/2 Margaritana margaritifera Margaritifera margaritifera - Sousa River 
885/4 Unio pictorum Unio delphinus - Portugal 
886/1 Unio littoralis Potomida littoralis - Douro River 
887/2 Unio pictorum Unio delphinus - Portugal, Tâmega River 
888/1 Unio littoralis Potomida littoralis 07-1909 Tejo River, Abrantes 
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Table A4. Silva e Castro collection, Zoological Museum Dr. Augusto Nobre, Porto, Portugal. All 
specimens collected in Portugal unless otherwise indicated. Collection dates unkown. Species 
identified by the candidate. 
Lot Label Identification Collection site 
- Sphaerium rivicola Sphaerium rivicola - 
185/1 
Sphaerium corneum var. 
nucleum 
Sphaerium corneum Aveiro surroundings, Vista Alegre 
286 
Sphaerium lacustre (Sphaerium 
castroi) 
- Faro 
297/3 Unio chorellus Cast. Unio delphinus Tâmega River 
298/3 
393/1 
Anodonta wenceslai Cast. Anodonta anatina Tâmega River at Mondim 
300/1 Sphaerium lusitanicum Cast. Sphaerium corneum Coimbra 
303/2 Unio simoesi Cast. Unio delphinus Dão River 
326/1 Sphaerium rivicola Sphaerium rivicola Douro River mouth 
372/1 Unio hyperephanus Cast. Unio delphinus Mondego River 
373/2 Unio amblyus Cast. Unio delphinus Montemor ditches 
374/1 Unio umbonatus Ross. Potomida littoralis Tejo River 
375/2 Unio taganus Serv. Unio delphinus Tejo River, Santarém 
376/2 Unio subhispanus Cast. Unio delphinus Guadiana River 
377/2 Unio rhomboideus Potomida littoralis Mondego River 
378/1 Unio microdactylus Fag. Unio delphinus Douro River 
379/2 Unio schousboei Brgt. Unio delphinus Foja ditches 
380/1 Unio hauterivianus Brgt. Unio delphinus Dão River 
381/2 Unio subhispanus Cast. Unio delphinus Tejo River 
382/1 Unio occidentalis Brgt. Unio delphinus Alqueidão ditches 
383/1 Unio chasmirhynchus Cast. Unio delphinus Alqueidão ditches 
384/2 Unio castroi Brgt. Unio delphinus Sado River 
385/1 Unio rhomboideus Potomida littoralis Águeda? 
386/2 Unio nevesi Cast. Unio delphinus Silveiro ditches 
387/3 Unio dactylus Morelet Unio delphinus Guadiana River 
388/3 Unio eupygus Castro Unio tumidiformis Sado River 
389/2 Unio simoesi Cast. Unio delphinus Minho 
390/1 Unio rhomboideus Potomida littoralis Águeda 
391/1 Anodonta tamegana Cast. Anodonta anatina Tâmega River em Chaves 
392/1 Anodonta lusoiana Cast. Anodonta anatina Tâmega River em Chaves 
394/2 Anodonta tamegana Cast. Anodonta anatina Tâmega River em Chaves 
395/3 Unio rhomboideus Potomida littoralis Alqueidão ditches 
396/3 Unio rhomboideus Potomida littoralis Águeda 
397/4 Unio nevesi Cast. Unio delphinus Ervedal 
398/3 Unio mundanus Cast. Unio delphinus Mondego ditches 
399/2 
401/1 
403/2 
490/1 
Anodonta regularis Morelet Anodonta anatina Foja ditches 
400/3 Unio oncomensis Cast. Unio delphinus Douro River 
402/2 Unio umbonatus Ross. Potomida littoralis Tejo River 
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Table A4 (cont.). Silva e Castro collection, Zoological Museum Dr. Augusto Nobre, Porto, Portugal. 
All specimens collected in Portugal unless otherwise indicated. Collection dates unkown. Species 
identified by the candidate. 
Lot Label Identification Collection site 
404/3 
536/2 
537/1 
Anodonta carvalhoi Cast. Anodonta anatina Tâmega River at Mondim 
405/1 Anodonta capelloiana Anodonta anatina Tâmega River, Chaves 
406/2 Anodonta paulinoi Cast. Anodonta anatina Leça River 
407/3 
Margaritana elongata (Lam.) = 
Unio tristis Morelet 
Margaritifera margaritifera Águeda River 
408/1 Anodonta arrosa Cast. Anodonta anatina Tâmega River em Mondim 
409/2 Anodonta mengoiana Cast. Anodonta anatina Tâmega River 
410 - Anodonta anatina - 
472 Pisidium xantholenum Castro Pisidium casertanum Viana surroundings 
482/1 Anodonta oblonga Millet Anodonta cygnea Ervedal ditches 
483/1 Anodonta oblonga Millet Anodonta cygnea Foja 
484/1 
485/1 
487/1 
488/1 
489/1 
493/1 
494/1 
495/1 
497/1 
Anodonta gallica Brgt. Anodonta cygnea Mondego, Foja ditches 
486/1 
502/2 
540/2 
Anodonta apala Cast. Anodonta cygnea Ervedal lagoon 
491/1 
496/1 
500/1 
535/3 
?551?/1 
Anodonta pelophila Cast. Anodonta cygnea Ervedal lagoon 
492/1 Anodonta mondegana Cast. Anodonta anatina Mondego River 
498/1 Anodonta oblonga Millet Anodonta cygnea Ervedal - lagoon 
499/1 
?553?/1 
Anodonta simoesi Cast. Anodonta anatina Mondego ditches 
501/1 
507/1 
508/1 
552/1 
Anodonta gallica Brgt. Anodonta cygnea Ervedal lagoon 
503/1 
504/1 
505/1 
506/1 
Anodonta machadoiana Cast. Anodonta anatina Tâmega River, Chaves 
510/1 Unio nevesi Cast. Unio delphinus Alqueidão 
511/1 Anodonta enhydra Cast. Anodonta cygnea Ervedal lagoon 
533/1 Anodonta oblonga Millet Anodonta cygnea Ervedal – lagoon 
534/1 Anodonta oblonga Millet Anodonta cygnea Mondego ditches? Do Rol? 
538/1 Anodonta subregularis Cast. Anodonta anatina Foja ditches 
539/1 Anodonta ribeiroiana Cast. Anodonta anatina Sado River 
APPENDIX I – STUDIED MUSEUM COLLECTIONS 
179 
Table A4 (cont.). Silva e Castro collection, Zoological Museum Dr. Augusto Nobre, Porto, Portugal. 
All specimens collected in Portugal unless otherwise indicated. Collection dates unkown. Species 
identified by the candidate. 
Lot Label Identification Collection site 
541/1 Anodonta regularis Morelet Anodonta anatina Foja ditches 
542/2 Unio abrantesiano Cast. Unio delphinus Douro River 
543/1 Unio desfontainianus Brgt. Unio delphinus Paiva River mouth 
544/1 
545/1 
Unio submucidus Cast. Unio delphinus Tâmega River, Mondim 
546/1 
Anodonta anserirostris – var. de 
- Küster 
Anodonta cygnea Silveiro 
547/2 Unio sylvai Brgt. Unio delphinus Sado River 
548/1 Anodonta barbozana Cast. Anodonta anatina Tâmega River em Chaves 
549/2 Unio mucidus Morelet Unio delphinus Silveiro at Fermentelos 
550/1 
Anodonta mengoiana var. 
depressa 
Anodonta anatina Tâmega River at Chaves 
551/1 
553/1 
555/1 
556/1 
Anodonta mengoiana Cast. Anodonta anatina Tâmega River at Chaves 
554/1 Anodonta macilenta Morelet Anodonta anatina Mondego ditches 
557/1 Anodonta charpyi Dupuis Anodonta cygnea Foja 
558/1 Unio submucidus Cast. Unio delphinus Mondego River 
559/1 Unio cancrorum Brgt. Unio delphinus Alqueidão ditches 
560/2 Unio mucidus Morelet Unio delphinus Tâmega River at Mondim 
561/2 Unio hispanicus Grael. Unio delphinus Mondego River 
562/2 Unio barbozanus Cast. Unio delphinus Paiva River 
563/2 Unio tumidiformis Castro Unio tumidiformis Sado River 
564/1 Unio hauterivianus Brgt. Unio delphinus Águeda-Borralha 
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Table A5. Museo Nacional de Ciencias Naturales, Madrid, Spain. Collection dates unknown 
unless otherwise indicated. Species identified by the candidate 
Lot Label Identification Collection Collection site 
15.07/188 Unio auratus Swainson Diplodon sp. Azpeitia Chiloè island, Chile 
15.07/190 Unio ater Nilsson Unio crassus? Azpeitia Neisse River, Germany 
15.07/206 Unio batavus Nilsson Unio crassus Azpeitia Geneve, Swizerland 
15.07/210 
Unio batavus Maton & 
Rackett 
Unio crassus Azpeitia Europe 
15.07/226 Unio pictorum (Linnaeus) 
2 Unio tumidiformis 
1 Potomida littoralis 
Azpeitia 
Guadiana River, Ciudad Real, 
Spain 
15.07/240 Unio pictorum (Linnaeus) Unio delphinus Azpeitia 
Guadalquivir River?, Seville?, 
Spain 
15.07/257 Unio chilensis Gray Diplodon chilensis Azpeitia Chile 
15.07/258 
Unio batavus Maton & 
Rackett 
Unio crassus Hidalgo Europe 
15.07/267 Unio chiloensis Diplodon chilensis ? Chiloe 
15.07/270 Unio pictorum (Linnaeus) Unio delphinus Azpeitia 
Guadiana River, Ciudad Real, 
Spain 
15.07/290 Unio pictorum (Linnaeus) Unio tumidiformis? Azpeitia La Rivera de Huelva, Spain 
15.07/299 Unio pictorum (Linnaeus) Unio delphinus Azpeitia 
Arroyo Gavino, between 
Alcolea del Rio and Villaverde, 
Spain 
15.07/313 Unio pictorum (Linnaeus) Unio delphinus Azpeitia 
Mondego River, Coimbra, 
Portugal 
15.07/318 Unio pictorum (Linnaeus) Unio delphinus Azpeitia Portugal 
15.07/324 Unio pictorum (Linnaeus) Unio delphinus Azpeitia 
Guadiana River, Villanueva de la 
Serena, Spain 
15.07/325 
Unio mussolianus Parreys 
& Kuster 
Unio crassus? Hidalgo Tigris River, Siria 
15.07/332 Unio mussolianus, Kuster Unio tigridis Hidalgo Tigris River, Siria 
15.07/340 Unio pictorum (Linnaeus) Unio delphinus Azpeitia 
Arroyo Alberite, Cortijo 
Alperchite, Arcos de la 
Frontera, Spain 
15.07/346 Unio mancus Lamarck Unio sp. Azpeitia Sió River, Balaguer, Spain 
15.07/385 Unio reniformis Schmidt Unio crassus Azpeitia Krain, Slovenia 
15.07/388 
Potomida littoralis 
Lamarck 
? Hidalgo Tejo River, Badajoz, Spain 
15.07/456 Unio carinthiacus Ziegler Unio crassus Azpeitia Carinthia, Austria 
15.07/470 Unio vicarius West Unio crassus? Azpeitia Le Sophades, Thessalia, Greece 
15.07/471 Unio pictorum (Linnaeus) Unio delphinus Azpeitia Guadaira River, Seville, Spain 
15.07/487 Unio pictorum (Linnaeus) Unio delphinus Azpeitia 
Valdeazogues River, Ciudad 
Real, Spain 
15.07/488 
Unio batavus, var. 
Probavaricus Haas  
Unio crassus Hidalgo 
Kleinbiberan, Gdennvald, 
Germany 
15.07/516 Unio nanus Lamarck Unio crassus Azpeitia Kronstadt, Transilvania, Hungria 
15.07/520 Unio crassus Retzius Unio crassus Azpeitia Matzenheim, Alsacia, Germany 
15.07/521 Unio rivularis Rossmassler Unio crassus Azpeitia 
Gesäss River, Patschkau, 
Germany 
15.07/529 Unio wolwichii Morelet Diplodon sp. Hidalgo Portugal 
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Table A5 (cont.). Museo Nacional de Ciencias Naturales, Madrid, Spain. Collection dates 
unknown unless otherwise indicated. Species identified by the candidate. 
Lot Label Identification Collection Collection site 
15.07/538 Unio batavus Nilsson Unio crassus Azpeitia Limagne, France 
15.07/539 Unio batavus Nilsson Unio crassus Azpeitia 
Camenz River, Frankenstein, Silesia, 
Germany 
15.07/541 
Unio piscinalis 
(Rossmassler) 
Unio crassus Azpeitia Reservoir in Patschkan, Germany 
15.07/567 Unio batavus Nilsson Unio crassus Azpeitia 
Camenz River, Frankenstein, Silesia, 
Germany 
15.07/569 Unio pictorum (Linnaeus) Unio tumidiformis Paz Lucefecit River, Portugal 
15.07/583 Unio pictorum (Linnaeus) Unio tumidiformis  Tejo River, Spain 
15.07/759 Unio baeticus Kobelt Unio tumidiformis Azpeitia Seville?, Spain 
15.07/763 Unio wolwichii Morelet Diplodon sp. Azpeitia Portugal 
15.07/769 Unio pictorum (Linnaeus) Unio tumidiformis Azpeitia Ruidera lagoons, Spain 
15.07/773 Unio pictorum (Linnaeus) Unio delphinus Azpeitia Seville?, Spain 
15.07/863 Diplodon chilensis Gray Diplodon chilensis Hidalgo Guillota River, Chile 
15.07/1553 Unio baeticus Kobelt Unio tumidiformis Azpeitia Seville, Spain 
15.07/1575 Unio mancus (Linnaeus) Potomida littoralis? J. Álvarez Tietar River, Toledo, Spain 
15.07/1639 Unio pictorum (Linnaeus) 
1 Unio tumidiformis 
1 Unio delphinus 
 Guadiana River, Ciudad Real, Spain 
15.07/1666 Unio pictorum (Linnaeus) Unio tumidiformis  
Guadiana River, Ruidera lagoons, 
Spain 
15.07/1710 Unio pictorum (Linnaeus) 
1 Unio tumidiformis 
10 Unio delphinus 
L. Fernandez 
Aguilar 
Lozoya del Valle, término municipal 
de Pinilleja, Spain 
15.07/1723 Unio pictorum (Linnaeus) ?  Guadiana River, Ciudad Real, Spain 
15.07/1798 Unio mancus Lamarck Unio crassus? J. Álvarez Bañolas lake, Gerona, Spain 
15.07/4132 Unio crassus Retzius Unio crassus O. De Zárate Letonia 
15.07/5129 Unio crassus Retzius Unio crassus O. De Zárate Brigittenbach, Hirro, Tallinn, Estonia 
15.07/5130 Unio crassus Retzius Unio crassus O. De Zárate Estonia 
15.07/5216 Unio pictorum (Linnaeus) Unio tumidiformis  
Tietar River, Buenaventura, Toledo, 
Spain 
15.07/5219 Unio pictorum (Linnaeus) Unio delphinus  
Guadiana River, Dom Benito, Badajoz, 
Spain 
15.07/5220 Unio pictorum (Linnaeus) 
1 Unio tumidiformis 
2 Unio delphinus 
 
Guadamez River, Vega de los 
Maderos, Don Benito, Badajoz, Spain 
15.07/5242 Unio pictorum (Linnaeus) Unio delphinus 
R. Araujo (col. 
1989) 
Bañuelo River, Gasset reservoir, 
Fernancaballero, Ciudad Real, Spain 
15.07/5251 Unio pictorum (Linnaeus) Unio delphinus Cobos Guadiana River, Badajoz, Spain 
15.07/5253 Unio pictorum (Linnaeus) Unio delphinus Cobos Vivar River, Seville, Spain 
15.07/5258 Unio pictorum (Linnaeus) Unio delphinus Cobos Arroyo de la Mujer, San Roque, Spain 
15.07/5263 Unio pictorum (Linnaeus) Unio delphinus Cobos Guadiana River, Badajoz, Spain 
15.07/5268 Unio pictorum (Linnaeus) Unio tumidiformis IFIE (1945) 
Alberche River, Escalona, Toledo, 
Spain 
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Table A6. Castro Collection, Museum National d’Histoire Naturelle, Paris, France. No 
collection lot numbers available. Collection dates unknown. All specimens collected in 
Portugal unless otherwise indicated. Species identified by the candidate. 
Label Identification Locality 
Unio abrantesiano Castro Unio delphinus Zêzere River 
Unio abrantesiano Castro Unio delphinus Douro River 
Unio abrantesiano Castro Unio delphinus Mondego River 
Unio abrantesiano Castro Unio delphinus Sousa River 
Unio abrantesiano Castro Unio delphinus 
 Unio amblyus Castro Unio delphinus Montemor ditches 
Unio amblyus Castro Unio delphinus Alqueidão ditches 
Unio amblyus Castro Unio delphinus Tâmega River, Chaves 
Unio barbozanus Castro Unio delphinus Paiva River 
Unio barbozanus Castro Unio delphinus Minho River 
Unio cameratus Drouët Unio delphinus Douro River 
Unio cancrorum Bourguignat Unio delphinus Tejo River 
Unio cancrorum Bourguignat Unio delphinus Alqueidão ditches 
Unio cancrorum Bourguignat Unio delphinus Mondego River 
Unio cancrorum Bourguignat Unio delphinus 
 Unio castroi Bourguignat Unio delphinus Sado River 
Unio chasmirhynchus Castro Unio delphinus Alqueidão ditches 
Unio chasmirhynchus Castro Unio delphinus Mondego River 
Unio chasmirhynchus Castro Unio delphinus 
 Unio chorellinus Locard Unio delphinus Tâmega River 
Unio chorellus Castro Unio delphinus Douro River 
Unio chorellus Castro Unio delphinus Tâmega River 
Unio chorellus Castro Unio delphinus Zêzere River 
Unio chorellus Castro Unio delphinus 
 Unio dactylus Morelet Unio delphinus Mondego River 
Unio dactylus Morelet Unio delphinus Alqueidão ditches 
Unio dactylus Morelet Unio delphinus Guadiana River 
Unio desfontainianus Bourguignat Unio delphinus Paiva River 
Unio euphygus Castro Unio tumidiformis Sado River 
Unio hauterivianus Bourguignat Unio delphinus Dão River 
Unio hauterivianus Bourguignat Unio delphinus Pateira de Fermentelos, Silveiro 
Unio hauterivianus Bourguignat Unio delphinus Alqueidão ditches 
Unio hispanus Moquin-Tandon Unio delphinus Tejo River, Santarém 
Unio hispanus Moquin-Tandon Unio delphinus 
 Unio hispanus Moquin-Tandon Unio delphinus Douro River, Porto-Mansos / Stª Cruz 
Unio hispanus Moquin-Tandon Unio delphinus Mondego River 
Unio hyperephanus Castro Unio delphinus Tejo River 
Unio hyperephanus Castro Unio delphinus Alqueidão ditches 
Unio hyperephanus Castro Unio delphinus Mondego River 
Unio hyperephanus Castro Unio delphinus Douro River 
Unio hypoxanthus Castro Unio delphinus Douro River 
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Table A6 (cont.). Castro Collection, Museum National d’Histoire Naturelle, Paris, France. No 
collection lot numbers available. Collection dates unknown. All specimens collected in 
Portugal unless otherwise indicated. Species identified by the candidate. 
Label Identification Locality 
Unio microdactylus P. Fagot Unio delphinus Douro River 
Unio microdactylus P. Fagot Unio delphinus Guadiana River, Badajoz, Spain 
Unio mucidus Morelet Unio delphinus Paiva River 
Unio mucidus Morelet Unio delphinus Alqueidão ditches 
Unio mucidus Morelet Unio delphinus Mondego River 
Unio mucidus Morelet Unio delphinus Tâmega River 
Unio mucidus Morelet Unio delphinus Pateira de Fermentelos, Silveiro 
Unio mucidus Morelet Unio delphinus Douro River 
Unio mundanus Castro Unio delphinus Mondego ditches 
Unio nevesi Castro Unio delphinus Pateira de Fermentelos, Silveiro 
Unio nevesi Castro Unio delphinus Douro River 
Unio nevesi Castro Unio delphinus Alqueidão ditches 
Unio nevesi Castro Unio delphinus Mondego River 
Unio nevesi Castro Unio delphinus Ervedal lagoon 
Unio nevesi Castro Unio delphinus 
 Unio oncomensis Castro Unio delphinus Tejo River, Santarém 
Unio oncomensis Castro Unio delphinus Douro River 
Unio paulinoi Locard Unio delphinus Mondego River 
Unio paulinoi Locard Unio delphinus Guadiana River 
Unio paulinoi Locard Unio delphinus 
 Unio schousboei Bourguignat Unio delphinus Alqueidão ditches 
Unio schousboei Bourguignat Unio delphinus Sousa River 
Unio silvai Bourguignat Unio delphinus Sado River 
Unio silverianus Castro Unio delphinus Dão River 
Unio silverianus Castro Unio delphinus 
 Unio simoesi Castro Unio delphinus Mondego River 
Unio simoesi Castro Unio delphinus Sado River 
Unio simoesi Castro Unio delphinus Alqueidão ditches 
Unio simoesi Castro Unio delphinus Tâmega River 
Unio simoesi Castro Unio delphinus Minho River 
Unio simoesi Castro Unio delphinus Dão River 
Unio simoesi Castro Unio delphinus 
 Unio subhispanus Castro Unio delphinus Paiva River 
Unio subhispanus Castro Unio delphinus Alqueidão ditches 
Unio subhispanus Castro Unio delphinus Mondego ditches 
Unio subhispanus Castro Unio delphinus Guadiana River 
Unio subhispanus Castro Unio delphinus Tejo River 
Unio subhispanus Castro Unio delphinus Douro River 
Unio subhispanus Castro Unio delphinus 
 Unio submucidus Castro Unio delphinus Alqueidão ditches 
Unio submucidus Castro Unio delphinus Mondego River 
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Table A6 (cont.). Castro Collection, Museum National d’Histoire Naturelle, Paris, France. No 
collection lot numbers available. Collection dates unknown. All specimens collected in 
Portugal unless otherwise indicated. Species identified by the candidate. 
Label Identification Locality 
Unio submucidus Castro Unio delphinus Tâmega River 
Unio submucidus Castro Unio delphinus 
 Unio taganus Servain Unio delphinus Sousa River 
Unio taganus Servain Unio delphinus Mondego River 
Unio taganus Servain Unio delphinus Tejo River, Santarém 
Unio taganus Servain Unio delphinus 
 Unio talus Unio delphinus Coina 
Unio tameganus Castro Unio delphinus Tâmega River, Chaves 
Unio tameganus Castro Unio delphinus 
 Unio tumidiformis Castro Unio tumidiformis Sado River 
Anodonta regularis Morelet Unio tumidiformis Ervedal lagoon??? 
 
 
 
 
Table A7. Drouet Collection, Museum National d’Histoire Naturelle, Paris, France. No 
collection lot numbers available. Collection dates unknown. Species identified by the 
candidate. 
Label Identification Locality 
Unio redactus Unio crassus L'aube, Boulages, France 
Unio tinctus Potomida littoralis Nahr-el-Haroum, Siria 
Unio tinctus Potomida littoralis Nahr-el-Haroum, Siria 
Unio subtilis Unio cf. mancus? L’Albane? (Cote d’Or), France 
Unio subtilis Unio cf. mancus? La Seine, France 
Unio hispanus Unio delphinus Guadalquivir River, Seville, Spain 
Unio circinatus Potomida littoralis Júcar River, Spain 
Unio subreniformis Potomida littoralis Bañolas lake, Spain 
Anodonta aelusta? Drouet Anodonta cf. anatina Valência reservoir, Spain 
Unio turdetanus Unio gibbus Salado River, Morón, Spain 
Unio turdeti Unio gibbus Salado River, Morón, Spain 
Unio rhyzopygus Potomida littoralis Almenara, Spain 
Unio almenarensis Unio cf. mancus? Almenara, Spain 
Unio limosellus Unio delphinus Jarama River, Spain 
Unio scissus ? Riv. De Kalamata, Greece 
Unio scissus ? Pamissos River, Messenie, Greece 
Unio barroisi Margaritifera auricularia Nahr-el-Haroum, Siria 
Unio pruinosus Schmidt Unio crassus Pontcharra 
Unio mac-carthyiani Potomida sp. Algeria 
Unio messenicus ? Pamissos River, Kalamata, Greece 
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Table A8. General Collection, Museum National d’Histoire Naturelle, Paris, France. No 
collection lot numbers available. Collection dates unknown. Species identified by the 
candidate. 
Label Identification Locality 
Anodonta gruveli  Oued Grou, Morocco 
Anodonta cygnea Anodonta cf. anatina Oued Grou, Morocco 
Anodonta pallaryi Bédé Anodonta cf. anatina Oued Grou, Morocco 
Anodonta theryi Bédè Anodonta cf. anatina Oued M'da, Morocco 
Anodonta lucasii Morelet Anodonta cf. anatina La Calle, Algeria 
Anodonta sp. Anodonta sp. Oued Nefifique, Baulhaut, Morocco 
Anodonta Letaurneusii Anodonta cf. anatina Letourneux 
Anodonta melinia Anodonta cygnea Valencia reservoir, Spain 
Anodonta melinia Anodonta cygnea Valencia reservoir, Spain 
Anodonta melinia Anodonta cygnea Valencia reservoir, Spain 
 
Anodonta anatina Guadalajara, Spain 
Unio hispanus Unio cf. delphinus Tejo River, Aranjuez, Spain 
Unio maccarthianus Potomida sp. La calle, close to Algiers, Algeria 
Unio maccarthianus Potomida sp. La Reghaia, close to Algiers, Algeria 
Unio maccarthianus Potomida sp. Mitidja?, Algeria 
Unio maccarthianus Potomida sp. Algiers, Algeria 
Unio maccarthianus Potomida sp. Algeria 
Unio durieui Unio ravoisieri Oued Senam, Algeria 
Unio foucauldiana Pallary Unio gibbus Oued Sous 
Unio Unio cf. gibbus Plage de Safi (Oued Tensift?), Morocco 
Unio ravoisieri Desh Unio ravoisieri Algeria 
Unio ravoisieri Desh Unio cf. crassus Algeria 
Unio moreleti Desh Unio delphinus Mogador, Morocco 
Unio durieui Unio ravoisieri Oued Senam, Algeria 
Unio moreleti Desh Unio ravoisieri Oued Senam, Algeria 
Unio turtoni Pallary Unio ravoisieri Oued Senam, Algeria 
Unio pictorum Unio ravoisieri La Calle (river), Alergia 
 
Unio ravoisieri Bone (Annaba?), Algeria 
 
Unio delphinus Tanger, Morocco 
Unio fellmanni Unio ravoisieri Algeria 
 
Unio ravoisieri Algiers, Algeria 
 
Unio ravoisieri Oued Zenati, Algeria 
 
Unio ravoisieri Constantine province, Algeria 
Unio medjerda Kobelt Unio cf. delphinus Oued Jda, Morocco 
 
Unio cf. delphinus Oued Mekhrazen, between Ksar and Tanger, Morocco 
 
Unio delphinus Mogador, Morocco 
Unio ravoisieri Desh Unio ravoisieri Lac Oubeira, la Calle, Algeria 
Unio subpictorum Unio ravoisieri Lac Oubeira, la Calle, Algeria 
 
Unio cf. ravoisieri Oued Rhumel, Algeria 
Unio moreleti var. 
Lebrasscurianus Unio ravoisieri Le chiliff, Algeria 
 
Unio ravoisieri Casbah de l'Oued Massa (south of Agadir), Morocco 
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Table A8 (cont.). General Collection, Museum National d’Histoire Naturelle, Paris, France. No 
collection lot numbers available. Collection dates unknown. Species identified by the 
candidate. 
Label Identification Locality 
Unio ravoisieri Desh Unio ravoisieri La Calle, close to Algiers, Algeria 
Unio moreleti Unio ravoisieri L’Ain Tanonchat? (Oran), Algeria 
Unio platyrinchoideus Unio ravoisieri La Calle, close to Algiers, Algeria 
 
Unio ravoisieri La Calle, close to Algiers, Algeria 
 
Unio delphinus Oued Dra, Zagora, Morocco 
Unio tetuanensis Kobelt Unio ravoisieri Tetouan, Morocco 
 
Unio ravoisieri Oued Zenati, Algeria 
Unio moreleti Unio ravoisieri Algeria 
Unio moreleti Unio ravoisieri Orléansville (Argel), Argélia (le Chelif?) 
Unio moreleti Unio ravoisieri Phillippeville 
 
Unio cf. crassus Oued St. Dona? 
Unio lafnanus Debx Unio cf. crassus Algiers (Oran), Algeria 
Unio batavus Lmk Unio cf. ravoisieri La Calle, Algeria 
Unio durieui Unio gibbus Oued Zenati, Constantine province, Algeria 
Unio sitifensis Morl?. Unio gibbus Oued Rhumel?, Algeria 
 
Unio gibbus Oued Cherrat (La Molinerie), Morocco 
 
Unio gibbus Oued Nefifikh, Boulhaut, Morocco 
 
Unio ravoisieri Oued Nefifikh, Boulhaut, Morocco 
Unio elongatulus durieui 
Des Unio cf. ravoisieri Oued Bou Regrec, Morocco 
Unio elongatulus durieui 
Des Unio ravoisieri Oued Sdjenane, Tunisia 
Potomida littoralis Unio cf. crassus Oued Tiflet, Morocco 
Unio tifleticus Unio cf. ravoisieri Oued Tiflet, Morocco 
Unio Unio sp. Oued Smar?, close to Alger, Algeria 
Unio rhomboideus Unio sp. Algeria 
 
Potomida sp. Boufarck?, Algeria 
Unio subreniformis Potomida sp. Bañolas lake, Spain 
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RESUMEN 
Se aporta información sobre la descripción original, sinonimias, taxonomía, 
distribución, morfología, ciclo vital, hábitat y estado de conservación de las diez 
especies de náyades (moluscos bivalvos de la superfamilia Unionoidea) nativas de 
la península Ibérica: Margaritifera auricularia (Spengler, 1793), M. margaritifera 
(L., 1758), Potomida littoralis (Cuvier, 1798), U. mancus Lamarck, 1819, Unio 
gibbus Spengler, 1793, U. delphinus Spengler, 1793, U. tumidiformis Castro, 
1885, U. ravoissieri Deshayes, 1847, Anodonta anatina (L., 1758) y A. cygnea (L., 
1758). Se restablece como el nombre válido para la especie ibérica U. delphinus 
Spengler, 1793 conocida hasta la fecha como Unio pictorum y se cita por primera 
vez la presencia de U. ravoissieri Deshayes, 1847 en la península Ibérica. 
Además se ilustran las conchas y detalles anatómicos de todas las especies, 
incluyendo, cuando se conoce, la forma y dimensiones de sus gloquidios así como 
información sobre los peces hospedadores de los mismos. 
También se aportan las recomendaciones que, como expertos, consideramos 
deben llevarse a cabo por parte de las autoridades encargadas de la gestión de la 
biodiversidad para garantizar la conservación futura de las especies de este grupo 
animal tan amenazado. 
 
RESUMO 
Disponibiliza-se informação sobre a descrição original, sinonímias, taxonomia, 
distribuição, morfologia, ciclo de vida, habitat e estado de conservação das dez 
espécies de náiades (moluscos bivalves pertencentes à superfamília Unionoidea) 
nativas da Península Ibérica: Margaritifera auricularia (Spengler, 1793), M. 
margaritifera (L., 1758), Potomida littoralis (Cuvier, 1798), Unio mancus Lamarck, 
1819, U. gibbus Spengler, 1793, U. delphinus Spengler, 1793, U. tumidiformis 
Castro, 1885, U. ravoissieri Deshayes, 1847, Anodonta anatina (L., 1758) e A. 
cygnea (L., 1758). Recupera-se U. delphinus Spengler, 1793 como o nome válido 
para a espécie Ibérica conhecida até agora como Unio pictorum e refere-se pela 
primeira vez a presença da U. ravoissieri Deshayes, 1847 na Península Ibérica. 
Também se ilustram as conchas e detalhes anatómicos de todas as espécies, 
incluíndo, quando se conhecem, a forma e dimensões dos seus gloquídios, assim 
como informação sobre os peixes hospedeiros dos mesmos. 
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Finalmente, são dadas recomendações sobre as acções que devem ser tomadas 
por parte das autoridades responsáveis pela gestão da biodiversidade, com vista a 
assegurar a conservação futura das espécies deste grupo animal tão ameaçado. 
 
ABSTRACT 
We make available information about the original description, synonyms, 
taxonomy, distribution, morphology, life-cycle, habitat and conservation status of 
the ten species of native naiads (bivalve mollusks belonging to the superfamily 
Unionoidea) of the Iberian Peninsula: Margaritifera auricularia (Spengler, 1793), 
M. margaritifera (L., 1758), Potomida littoralis (Cuvier, 1798), Unio mancus 
Lamarck, 1819, U. gibbus Spengler, 1793, U. delphinus Spengler, 1793, U. 
tumidiformis Castro, 1885, U. ravoissieri Deshayes, 1847, Anodonta anatina (L., 
1758) and A. cygnea (L., 1758). Unio delphinus Spengler, 1793 is reinstated as 
the valid name for the Iberian species known hitherto as Unio pictorum, and the 
occurrence of U. ravoissieri Deshayes, 1847 is reported for the first time in the 
Iberian peninsula. 
We also provide drawings of the shells and anatomical details of all species, and 
include information, when known, about the shape and dimensions of glochidia as 
well as about host fish. 
Recommendations are given to authorities responsible for biodiversity 
management to ensure the conservation of this threatened animal group. 
 
INTRODUCCIÓN 
 
Las náyades o grandes bivalvos de agua dulce (Mollusca, Bivalvia, Unionoidea) se 
distribuyen por todo el mundo a excepción del continente antártico. Aunque 
todavía no se sabe con exactitud la verdadera diversidad del grupo, hoy se 
reconocen unas 840 especies repartidas del modo siguiente: 302 en el Neártico, 
172 en la región Neotropical, 85 en la Afrotropical, 219 en la Indotropical, 45 en el 
Paleártico y 33 en Australasia (Graf & Cummings 2007). Una de las características 
principales de estos moluscos es su ciclo vital, ya que presentan un estado 
larvario singular en el reino animal; el más común es el denominado gloquidio, 
que requiere la presencia de un hospedador, en general un pez, en el que tras una 
metamorfosis se produce la fase juvenil. Es además frecuente la especificidad 
entre náyades y peces, de forma que no todas las especies de peces pueden 
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actuar como hospedadoras de los gloquidios de todas las náyades. Ésta y otras 
razones (ver más abajo) pueden fácilmente explicar porqué las náyades están 
consideradas actualmente como uno de los grupos animales más amenazado del 
planeta. En los Estados Unidos de América, donde las náyades tuvieron una 
radiación extraordinaria, más de la mitad de las especies están actualmente 
extinguidas, en peligro o amenazadas (Lydeard et al. 2004). En Europa por su 
parte, la tasa actual de extinción de las poblaciones de las dos especies del género 
Margaritifera es catastrófica (Araujo & Ramos 2001), y aunque no de forma tan 
grave o documentada, los otros géneros de náyades (Unio, Potomida, Anodonta, 
Pseudanodonta, Mycrocondylaea) están también en franca regresión. 
 
Otra característica importante de las náyades es el papel que juegan en los 
ecosistemas de agua dulce donde viven, pudiendo afirmar que en un ecosistema 
sin modificar las náyades serían el grupo de animales con mayor biomasa (Negus 
1966). Intervienen además en la dinámica de los nutrientes de los sistemas 
acuáticos, removiendo fitoplancton, bacterias y materia orgánica del agua y 
sedimento y colaboran en la bioturbación de los fondos aumentando su contenido 
de oxígeno (Strayer et al. 1999; Vaughn et al. 2008). Dado que una náyade del 
tamaño de Margaritifera margaritifera (L.) filtra hasta 50 litros diarios de agua, y 
que estas especies han vivido en colonias de hasta 700 ejemplares por metro 
cuadrado, en ese tramo de río se filtrarían 35.000 litros por día. Son además 
especies con un alto poder bioindicador, lo que probablemente ha querido reflejar 
el nombre de náyade, ya utilizado por el Caballero Jean-Baptiste Lamarck (1744-
1829) para referirse a estos bivalvos, en referencia a las hadas o ninfas que 
mantienen la pureza de las aguas dulces. De este modo, la presencia (o la 
desaparición documentada) de poblaciones reproductoras (con ejemplares 
juveniles) de estos moluscos, puede ser de gran utilidad para conocer cambios en 
el estado de calidad y conservación de las aguas superficiales, lo que hace de las 
náyades excelentes especies centinelas. 
 
Una tercera razón que aumenta el interés biológico de las náyades es su 
antigüedad en el registro fósil. Algunos autores consideran el origen del grupo en 
el Paleozoico, hace más de 350 millones de años (ver Simpson 1900; Watters 
2001 y Graf & Cummings 2006), y recientemente se han descrito especies de los 
géneros Margaritifera, Protopleurobema y Protoanodonta del Mesozoico 
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(Cretácico) de la península Ibérica (Delvene & Araujo 2009a, b). Se trata por 
tanto de animales del máximo interés para estudios de procesos evolutivos a lo 
largo del tiempo y del espacio, por lo que podemos asegurar, junto con Graf & 
Cummings (2006), que la filogenia de las náyades debe reflejar la influencia de 
procesos como la ruptura y separación de Pangaea en el Mesozoico, así como la 
evolución de las cuencas hidrográficas durante el Terciario hasta las últimas 
glaciaciones del Pleistoceno. 
 
El primer trabajo dedicado a las náyades de la península Ibérica es de Morelet 
(1845), que cita la presencia de 13 especies en Portugal, de las que 8, que 
además se ilustran, son consideradas nuevas para la ciencia. Más tarde, Drouet 
(1893), utilizando también la taxonomía propia de la época, es decir la de la 
Nouvelle École francesa, cita, esta vez sólo para España, 48 especies y describe e 
ilustra 18 como nuevas. Según Haas (1917a), ninguno de estos dos trabajos, ni el 
posterior de Locard (1899), pueden utilizarse directamente sin adaptación a los 
puntos de vista modernos. Lo mismo podría decirse de los trabajo de Castro 
(1873, 1885, 1887) sobre la fauna malacológica de Portugal. No obstante lo dicho, 
las localidades que estos autores citan, así como las ilustraciones de los 
ejemplares, siempre de una gran belleza, aportan una información de gran utilidad 
para la recopilación de datos antiguos sobre las náyades peninsulares. De este 
modo, no es hasta la segunda década del siglo XX cuando se hace el primer 
intento moderno de estudio de todas las náyades de la península Ibérica 
incluyendo tanto Portugal como España (Haas, 1917a). Aunque en esa época 
todavía no se disponía de datos completos sobre la distribución de las náyades 
ibéricas, sí se asumía la urgente necesidad de dar un primer paso para su estudio 
(Haas, 1917a). En el mencionado trabajo, Haas, quizá el autor que mayores 
esfuerzos ha dedicado al estudio de la sistemática de las náyades, presenta unas 
exhaustivas notas bibliográficas en las que resume la siguiente información: 1. La 
relación cronológica de todos los trabajos sobre náyades ibéricas con indicación de 
las especies mencionadas en cada uno (lista I). 2. La relación crítica con la 
equivalencia entre las especies citadas en la lista I y los nombres aceptados en la 
época (lista II). 3. La relación de citas geográficas de las especies (lista III). 
Concluye Haas (1917a) que las 161 especies ibéricas de náyades citadas en todos 
los trabajos de la lista I pueden reducirse a las 7 siguientes (Haas refiere los 
autores sin paréntesis): Anodonta cygnea L., Unio turtoni Payraudeau, Unio 
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delphinus Spengler, Unio batavus Lam., Rhombunio littoralis Lam., Margaritifera 
auricularia Spengler y Margaritifera margaritifera L. 
 
Otro trabajo exhaustivo en el que se consideran las especies de bivalvos ibéricas 
es el de Azpeitia (1933), que aunque no propone un análisis crítico de la 
taxonomía del grupo, sí aporta un pormenorizado estudio de la bibliografía y las 
citas correspondientes a las náyades de España y Portugal. Nobre (1912, 1930, 
1941) por su parte, revisa la fauna de náyades de Portugal, aportando nueva 
información y revisando la bibliografía. Su publicación de 1941 no aporta nuevos 
datos con respecto a sus anteriores obras, pero sí reduce la lista de especies de 
Portugal a las 4 siguientes: Margaritana margaritifera, Unio pictorum (L., 1757), 
Unio littoralis Lamarck, 1835 y Anodonta cygnea. 
 
A partir de estos trabajos no existe ya ninguna nueva referencia bibliográfica que 
revise o que aporte datos críticos o contrastados sobre las especies ibéricas, salvo 
una clasificación tentativa sobre los Unionoideos paleárticos (Haas 1940) en la que 
ya se adivina la futura monografía que el mismo autor publicaría (Haas 1969) 
justo antes de su muerte. En ese trabajo, Haas (1940) ya presentaba las ideas 
“modernas” de su maestro Kobelt, según el cual una clasificación natural de las 
náyades debía tener en consideración su distribución en las diferentes cuencas 
hidrográficas, apuntando por primera vez la importancia del efecto de aislamiento 
de las especies producido por las fronteras hidrográficas. Se cita también en este 
artículo por primera vez para las náyades el concepto de “subespecie” o “raza 
local”, que sería la base de la clasificación sistemática que propondría 
posteriormente. La monografía de Haas (1969) supuso así un trabajo exhaustivo 
de revisión de colecciones y bibliografía en el que se aportan las sinonimias 
(cientos en el caso de algún taxon) de todas las especies de náyades mundiales 
consideradas por el autor. En dicha monografía, que junto con la de Simpson 
(1900) se ha considerado por los especialistas como el punto de partida moderno 
sobre la sistemática de la Superfamilia Unionoidea, Haas consideró la existencia 
de una serie de especies fundamentales cada una de las cuales englobaba 
diferentes “razas locales” o “especies incipientes”. Por ejemplo, dentro de la 
“especie fundamental”  Unio pictorum, Haas incluía 13 taxa (razas locales o 
subespecies) diferentes con sus respectivas distribuciones geográficas, a las que 
distinguía añadiendo un tercer nombre después de pictorum que correspondía con 
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el nombre de la especie con el que ese taxon había sido descrito. Así, consideraba 
U. p. delphinus como subespecie diferente de la otra subespecie ibérica U. p. 
mucidus. Como ya se ha comentado, para definir estas razas o subespecies Haas 
(1969) continuó las ideas de Kobelt sobre la sistemática de las náyades. Para ello, 
utilizó principalmente la forma de la concha y su variabilidad, de modo que cada 
subespecie es más fácil de distinguir en los centros que en los bordes de sus áreas 
de distribución. Con respecto a la península Ibérica, Haas (1969) consideró la 
presencia de los siguientes taxa: M. (Margaritifera) margaritifera (L.), M. 
(Pseudunio) auricularia (Spengler), Unio pictorum mucidus Morelet, U. pictorum 
delphinus Spengler, U. elongatulus penchinatianus Bourguignat, U. elongatulus 
valentinus Rossmässler, U. crassus batavus Maton & Racket, Potomida littoralis 
littoralis (Lamarck), P. littoralis umbonata (Rossmässler) y Anodonta (Anodonta) 
cygnea (L.). Para cada una de ellas citaba un área de distribución que, como se 
verá al hablar de cada especie, ha variado muy poco con las novedades 
taxonómicas aparecidas posteriormente. Esta clasificación, a veces con ciertas 
modificaciones, es la que se ha ido utilizando en todos los trabajos ibéricos 
posteriores en los que se han citado especies de náyades (Vidal Abarca & Suárez 
1985; Altaba 1991; Bech & Altimiras 2003; Pérez-Quintero et al. 2004). 
 
En la última década del siglo XX e inicio del XXI empieza a revisarse la taxonomía 
de las náyades ibéricas (Araujo & Ramos 1998; Machordom et al. 2003; Araujo et 
al. 2005; Araujo 2008; Araujo et al. 2009b; Reis & Araujo 2009; Reis et al. en 
rev.), estudiando no sólo los caracteres habitualmente usados de morfología de la 
concha y anatomía, sino que se incluyen además caracteres moleculares, cuyo uso 
es ampliamente recomendado en la bibliografía especializada (Graf & Cummings 
2006), así como información sobre la biología de las especies (gloquidio, peces 
hospedadores, época de reproducción). El uso de estos caracteres, especialmente 
las secuencias de los genes mitocondriales CoI y 16S, ha permitido superar la 
subjetividad que hasta ahora atenazaba la taxonomía de las náyades, limitada al 
estudio de un carácter tan variable como es la forma de la concha, pudiendo así 
identificar linajes evolutivos muy claros. Gracias a estos estudios se han 
distinguido especies ibéricas como Unio delphinus Spengler, 1793 o Unio 
tumidiformis Castro, 1885 de sus especies gemelas europeas Unio pictorum (L.) y 
Unio crassus Philipsson, 1788, respectivamente. Estos estudios han coincidido en 
el tiempo con un renovado esfuerzo en el conocimiento de las áreas de 
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distribución, biología y ecología de las diferentes especies (Álvarez-Claudio et al. 
2000; Araujo & Ramos 2000a; Soriano et al. 2001; Araujo et al. 2000, 2001; 
Grande et al. 2001; Velasco et al. 2002; Araujo et al. 2002; Machordom et al. 
2003; Reis 2003; Araujo et al. 2003; Morales et al. 2004; Nagel 2004; San Miguel 
et al. 2004; Araujo et al. 2005; Reis 2006; Velasco & Romero 2006; Velasco et al. 
2006; Bouza et al. 2007; López et al. 2007; Outeiro et al. 2008; Reis & Araujo 
2009; Reis et al. en rev.). 
 
Todos estos trabajos confirman la existencia en la península Ibérica de dos 
familias de náyades, Margaritiferidae y Unionidae, englobando la primera las 
especies del género Margaritifera y la segunda los géneros Unio, Potomida y 
Anodonta. Las dos familias tienen una muy amplia distribución en el mundo (Haas 
1969; Graf & Cummings 2007; Bogan 2008), caracterizándose la primera por ser 
un grupo probablemente relicto con solamente 10 especies vivas (Araujo et al. 
2009a).  
 
También en la península Ibérica los unionoideos son actualmente uno de los 
grupos animales más amenazados de desaparición. Entre las causas 
fundamentales están la fragmentación y/o desaparición de sus hábitats 
(detracciones de agua, alteración de los caudales y flujos por las centrales 
hidroeléctricas y riegos, aumento exponencial de industrias contaminantes y 
cultivos), aunque otros factores como la presencia de especies de peces y bivalvos 
invasores también pueden estar jugando un papel importante (Bogan 1993; 
Ricciardi et al. 1998; Lydeard et al. 2004; Strayer et al. 2004). Esta disminución 
en las poblaciones de náyades se ha visto ya en los ríos peninsulares (Reis 2003; 
Morales et al. 2004; Velasco & Romero 2006; Verdú & Galante 2006; Barea-Azcón 
et al. 2008; Gómez & Araujo 2008), por lo que se hace necesario poner en 
conocimiento de la sociedad y de las autoridades encargadas de la conservación 
de la biodiversidad lo que hoy sabemos sobre este grupo animal tan amenazado. 
Es por tanto del máximo interés dar a conocer tanto los nombres válidos como las 
distribuciones reales de las especies ibéricas de náyades. 
 
En el presente trabajo pretendemos ofrecer una visión actualizada de dichas 
especies, su diversidad, variabilidad, adscripción taxonómica, distribución y estado 
de conservación. También sobre su biología y ecología, por lo que se incluyen 
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datos, cuando se conocen, sobre el tipo de gloquidio, época de reproducción y 
peces hospedadores. Los mapas de distribución se han realizado situando las 
localidades en cuadrículas UTM de 10 x 10 km. La información que ilustran se 
refiere a presencia de ejemplares y/o poblaciones vivos en los últimos 20 años 
comprobada por los autores. Gran parte de este material está depositado en el 
Museo Nacional de Ciencias Naturales de Madrid. No se ha representado la 
presencia de valvas en playas o zonas de sedimentación. 
 
Para obtener las listas de sinónimos se han utilizado sobre todo los trabajos de 
Azpeitia (1933) y Haas (1969). También se aporta información sobre dónde se 
pueden localizar las primeras o únicas ilustraciones de las especies, lo que ha sido 
de gran utilidad a la hora de identificar alguna de ellas (ej. U. gibbus). En el caso 
de las dos especies de Anodonta se ha consultado la bibliografía recomendada por 
Hanley (1855) para reconocer los tipos de Linneo, fundamentalmente Lister 
(1678, 1685, 1770) y Rossmässler (1835, 1836, 1837), así como Schröter (1779). 
La bibliografía en la que se pueden encontrar esas ilustraciones, así como las de 
los ejemplares tipo de cada especie, se cita de forma completa en el apartado de 
descripción original. 
 
En alguno de los casos la información que se aporta es inédita; cuando es así, los 
conocimientos en los que se basa están en fase muy avanzada y se citan como 
datos sin publicar. Aunque recientemente citada en España (Pou-Rovira et al. 
2009), no hemos considerado la especie exótica Anodonta (= Sinanodonta) 
woodiana (Lea, 1834). En resumen, se trata de las siguientes 10 especies: 
Margaritifera auricularia (Spengler, 1793), M. margaritifera (L., 1758), Potomida 
littoralis (Cuvier, 1798), U. mancus Lamarck, 1819, Unio gibbus Spengler, 1793, 
U. delphinus Spengler, 1793, U. tumidiformis Castro, 1885, U. ravoissieri 
Deshayes, 1847, Anodonta anatina (L. 1758) y A. cygnea (L., 1758). 
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SISTEMÁTICA 
 
Margaritifera auricularia (Spengler, 1793) 
 
Sinónimos 
Unio sinuata Lamarck, 1819. Histoire Naturelle des Animaux sans Vertèbres 6:70. 
Sintipo ilustrado en Valledor & Araujo, 2006. Malacologia 48:286, fig. 1. 
Unio margaritanopsis Locard. 1889. Notices Conchyliologiques 13:17. Ilustrado en 
Locard. 1893. Conchyliologie Francaise 151:fig. 163 y en Valledor & Araujo, 
2006. Malacologia 48:291, fig. 15. 
 
Descripción original: Unio auricularius Spengler, 1793. Skrifter af Naturhistorie 
Selskabet, Kjobenhavn 3:54. 
Localidad tipo: Este de la India. Sin duda un error (ver más abajo); Lectotipo en 
el Zoological Museum of the University of Copenhagen. Nº: ZMUC BIV-315. 
Ilustrado en: Haas 1913. Videnskabelige Meddelelser fra Dansk Naturhistorisk 
Forening I Kjobenhavn 65:54, textfig. 1; Knudsen et al. 2003. Steenstrupia 
27:267, fig. 3; Valledor & Araujo 2006. Malacologia 48:286, fig. 5. 
 
Comentario taxonómico 
Aunque según Spengler (1793) el ejemplar tipo procede del este de la India, esta 
especie sólo se conoce de Europa. Otro error de Spengler (1793) en la descripción 
de esta especie fue asignarle la ilustración de Lister (1685-1692, figure 149, plate 
4), ya que en realidad se trataba de una figura de M. margaritifera (Haas 1909; 
Valledor & Araujo 2006). 
Haas (1910) describió el género Pseudunio para incluir a esta especie y así 
diferenciarla de M. margaritifera, pero Pseudunio fue posteriormente sinonimizado 
con Margaritana (=Margaritifera) por Ortmann (1911). No obstante, Pseudunio ha 
sido más tarde usado como subgénero por Haas (1969) para separar M. 
auricularia y su variedad M. a. marocana (Pallary 1918) del resto de las especies 
del género. Más recientemente se ha vuelto a utilizar como género por Smith 
(2001) y Nienhuis (2003) para éstas y otras especies de la familia. Aunque los 
últimos estudios demuestran que M. auricularia y M. marocana son dos especies 
diferentes que forman un grupo monofilético o clado dentro de la familia (Araujo 
et al. 2009a), todavía no sabemos si deben considerarse diferentes subgéneros 
dentro de Margaritifera (Huff et al. 2004). Como conclusión, proponemos no 
utilizar Pseudunio como género ni como subgénero para incluir a M. auricularia al 
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menos hasta que no se obtenga una filogenia definitiva de la familia que así lo 
recomiende. 
 
Distribución 
Paleártico oeste. Extinguida en gran parte de su área de distribución (Altaba 1990; 
Nesemann 1993; Araujo & Moreno 1999; Araujo & Ramos 2000a) a excepción del 
cauce principal del río Ebro en Aragón y Tarragona, Canales Imperial de Aragón y 
de Tauste (Fig. 1) (Aragón y Navarra) (Araujo & Ramos 2000b; Gómez & Araujo 
2008) y ríos Loire y Charente en Francia (Nienhuis 2003). Actualmente, la 
población más numerosa del planeta parece ser la que vive en el Canal Imperial 
de Aragón, en la provincia de Zaragoza, con aproximadamente 3.500 ejemplares. 
 
 
Figura 1. Distribución de Margaritifera auricularia. 
Figura 1. Distribuição de Margaritifera auricularia. 
Figure 1. Distribution map of Margaritifera auricularia. 
 
 
Los datos publicados sobre la población del bajo Ebro (Altaba 1997) han sido 
obviamente sobreestimados, y todavía no se ha realizado una evaluación 
contrastada del número de ejemplares que viven en los ríos Charente y Loire. 
Existe una cita de 1903 del río Tajo en Toledo (Azpeitia 1933) y se han encontrado 
valvas de ejemplares muertos en las últimas décadas en el Ebro en Burgos, Álava, 
La Rioja y Navarra (Araujo et al. 2007). 
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En los ríos de Marruecos vive una especie muy similar (M. marocana) que antes se 
consideraba sinónima de M. auricularia, pero recientemente se ha redescrito como 
especie diferente (Araujo et al. 2009a). 
 
Morfología externa (Figs. 2, 3 y 4) 
Concha negra, alargada y muy gruesa, a veces con silueta auriculada, 
especialmente en los ejemplares procedentes de ríos con fuerte corriente. Los 
adultos pueden alcanzar hasta 18 cm de longitud. Interior de las valvas blanco 
nacarado muy brillante. Charnela con dos dientes laterales posteriores en la valva 
izquierda y uno en la derecha, todos muy fuertes y alargados. Dientes 
pseudocardinales robustos y de aspecto piramidal, dos en la valva izquierda y uno 
en la derecha. Por su gran tamaño sólo podría confundirse con las especies de 
Anodonta, pero éstas presentan siempre conchas muy delgadas y frágiles y sin 
dientes en la charnela. Los ejemplares juveniles (Fig. 4), muy poco comunes, se 
distinguen de Unio y Potomida por la charnela y por ser mucho más aplastados 
En cuanto a su anatomía, y como el resto de las especies de la familia 
Margaritiferidae, presenta una serie de particularidades anatómicas (Fig. 5A) 
diferentes de las de la familia Unionidae: 1. las papilas del sifón inhalante son 
pequeñas y arborescentes, nunca cónicas. 2. carecen de abertura supra-anal 
dorsal al sifón exhalante. 3. el diafragma que divide las cavidades infra y 
suprabranquial es incompleto y 4. las dos láminas de cada branquia en vez de 
estar unidas por tabiques continuos perpendiculares que forman tubos de agua 
están fusionadas por septos interlamelares distribuidos al azar. 
 
Ciclo vital 
Especie muy longeva (60-100 años). En la única población estudiada (Canal 
Imperial de Aragón) se ha observado que existe un elevado porcentaje de 
ejemplares hermafroditas (Grande et al. 2001) y que tiene un solo ciclo 
reproductivo al año (Araujo et al. 2000). Los gloquidios se liberan en febrero-
marzo, miden 140 x 130 x 60 µm y carecen de ganchos (Fig. 6A), aunque sí 
presentan unos pequeños dientes en su borde ventral con los que se fijan a los 
filamentos branquiales de los peces hospedadores (Araujo & Ramos 1998). A 
diferencia de la mayoría de las náyades, las especies del género Margaritifera 
incuban los gloquidios en las cuatro branquias. 
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Solamente se conocen dos peces nativos hospedadores de los gloquidios de M. 
auricularia, el esturión, Acipenser sturio L. y el pez fraile o blenio de río, Salaria 
fluviatilis (Asso), el primero extinguido en el Ebro y el segundo en peligro de 
extinción. En experimentos realizados en acuarios se ha visto que los gloquidios 
también se enquistan en las branquias de las especies exóticas de esturión 
Acipenser baeri Brandt y A. naccarii Bonaparte, dando lugar a náyades juveniles 
que miden 190 µm (Araujo & Ramos 2000b; Araujo et al. 2001, 2002, 2003; 
López et al. 2007). También se han obtenido resultados positivos con la gambusia 
(Gambusia holbrooki Girand) (López & Altaba 2005). 
En ninguna de las poblaciones conocidas existen ejemplares juveniles. 
 
       
 
 
 
 
 
 
 
Figura 2. Margaritifera auricularia. 
Canal Imperial de Aragón en 
Grisén (Zaragoza). 
Figura 2. Margaritifera auricularia. 
Canal Imperial de Aragón em 
Grisén (Zaragoza). 
Figure 2. Margaritifera auricularia. 
Canal Imperial de Aragón at 
Grisén (Zaragoza). 
Figura 3. Margaritifera auricularia. 
Río Ebro en Sástago (Zaragoza). 
Figura 3. Margaritifera auricularia. 
Rio Ebro em Sástago (Zaragoza). 
Figure 3. Margaritifera auricularia. 
Ebro river at Sástago (Zaragoza). 
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Hábitat 
Aparte de la excepción que suponen los canales Imperial y de Tauste, donde los 
ejemplares viven semienterrados en fondos naturales de arenas y gravas (Figs. 
7A, B), es una especie propia de ríos grandes y caudalosos de aguas duras. Vive 
en los brazos laterales separados por islas, donde el agua se remansa y los peces 
paran para alimentarse o frezar. Cuando aparece en el cauce principal, suele ser 
en zonas donde la corriente es menor por la presencia de meandros. También 
habita en zonas de rápidos y aguas someras, donde vive muy clavada entre las 
piedras. Requiere fondos con sustratos de gravas asentadas y estables, no 
pudiendo sobrevivir durante mucho tiempo en barras de gravas movibles o fondos 
de cieno. 
Como en todas las náyades, su hábitat es el de los correspondientes peces 
hospedadores, por lo que el conocimiento de la biología de éstos puede aportar las 
claves sobre el  hábitat del molusco.  Las colonias de  náyades serán  siempre más 
 
 
Figura 4. Juveniles de Margaritifera auricularia. A. B. Canal Imperial de Aragón 
(Zaragoza). C. Canal de Tauste (Navarra). 
Figura 4. Juvenis de Margaritifera auricularia. A. B. Canal Imperial de Aragón 
(Zaragoza). C. Canal de Tauste (Navarra). 
Figure 4. Juvenile shells of Margaritifera auricularia. A. B. Canal Imperial de 
Aragón (Zaragoza). C. Canal de Tauste (Navarra). 
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abundantes donde los peces hospedadores de sus gloquidios pasen más tiempo; 
por ello, las áreas de sombra de las orillas y los taludes, donde los peces 
bentónicos pasan gran parte de su vida, suelen ser especialmente favorables para 
las náyades. 
 
Conservación 
Amparada por las siguientes figuras de protección: En Peligro de extinción en el 
Catálogo Nacional de Especies Amenazadas y en el Catálogo de Especies 
Amenazadas de Aragón. Catálogo de Especies Amenazadas de Cataluña: Especie 
protegida de la fauna salvaje autóctona A. Libro Rojo de los Invertebrados de 
España: En Peligro crítico (Verdú & Galante 2006). IUCN: En Peligro crítico. 
Directiva Hábitats (Anexo IV): Especies animales y vegetales de interés 
comunitario que requieren una protección estricta. Convenio de Berna (Anexo II): 
 
 
Figura 5. Sifones de: A. Margaritifera auricularia. B. M. margaritifera. C. Potomida 
littoralis. D. Unio mancus. E. U. delphinus. F. U. gibbus. G. U. tumidiformis. H. 
U. ravoisieri. I. Anodonta anatina. 
Figura 5. Sifões de: A. Margaritifera auricularia. B. M. margaritifera. C. Potomida 
littoralis. D. Unio mancus. E. U. delphinus. F. U. gibbus. G. U. tumidiformis. H. 
U. ravoisieri. I. Anodonta anatina. 
Figure 5. Siphons of: A. Margaritifera auricularia. B. M. margaritifera. C. 
Potomida littoralis. D. Unio mancus. E. U. delphinus. F. U. gibbus. G. U. 
tumidiformis. H. U. ravoisieri. I. Anodonta anatina. 
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Figura 6. Gloquidios de: A. Margaritifera auricularia. B. M. margaritifera. C. D. 
Potomida littoralis. E. F. Unio mancus. 
Figura 6. Gloquídios de: A. Margaritifera auricularia. B. M. margaritifera. C. D. 
Potomida littoralis. E. F. Unio mancus. 
Figure 6. Glochidia of: A. Margaritifera auricularia. B. M. margaritifera. C. D. 
Potomida littoralis. E. F. Unio mancus. 
 
 
Especies animales y sus hábitats estrictamente protegidos. En Aragón existe un 
Plan de Recuperación para la especie. Se ha redactado además un Plan de Acción 
de la Comunidad Europea (Araujo & Ramos 2001). 
Al ser su área de presencia tan reducida, sus poblaciones tan poco numerosas y 
aisladas unas de otras, y no existir en ninguna reclutamiento, el riesgo de 
extinción de la especie es gravísimo. La falta de efectivos en el Río Ebro y el 
declive o desaparición de las dos únicas especies hospedadoras de sus gloquidios, 
hace prácticamente imposible la reproducción natural. Además de todas las 
alteraciones que está sufriendo su hábitat, la invasión de especies de moluscos 
[mejillón cebra -Dreissena polymorpha (Pallas)- y almeja asiática -Corbicula 
APPENDIX II – OTHER PUBLICATIONS ON FESHWATER BIVALVES 
205 
fluminea (Muller)] y peces exóticos en aguas del Ebro puede ser letal para la 
especie. 
La medida necesaria más urgente para conservar a M. auricularia es garantizar la 
supervivencia de la población del Canal Imperial de Aragón frente a las agresiones 
que está sufriendo ese ecosistema por los actuales planes de modernización 
(Gómez & Araujo 2008), para lo que sería necesario incluir la especie en el Anexo 
II de la Directiva Hábitats y posteriormente protejer el Canal bajo una ley 
apropiada que asegure la conservación tanto del patrimonio natural (la especie y 
su hábitat) como del cultural y artístico (la obra civil). 
 
 
Figura 7. Náyades vivas: A. B. Margaritifera auricularia. C. D. M. margaritifera. E. 
F. Potomida littoralis. 
Figura 7. Náiades vivas: A. B. Margaritifera auricularia. C. D. M. margaritifera. E. 
F. Potomida littoralis. 
Figure 7. Living naiads: A. B. Margaritifera auricularia. C. D. M. margaritifera. E. 
F. Potomida littoralis. 
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Margaritifera margaritifera  (Linnaeus, 1758) 
 
Sinónimos 
Unio elongata Lamarck, 1819 (syn. fide Nilsson, 1822). Histoire Naturelle des 
Animaux sans Vertèbres 6:70. 
Alasmodonta arcuata Barnes, 1823 (syn. fide Lea, 1834). American Journal of 
Science 6:277; lám. 12, fig. 20. 
Unio roissyi Michaud, 1831. Complément de l'Histoire Naturelle des Mollusques, 
Terrestres et Fluviatiles de la France, de Draparnaud 112, lám. 16, figs. 27-28. 
Unio brunnea Bonhomme, 1840 (syn. fide Dupuy, 1847). Mémoires de la Société 
Scientifique d‟Aveyron 2:460. 
Unio tristis Morelet, 1845 (syn. fide Haas, 1917a). Mollusques Terrestres et 
Fluviatiles du Portugal 107, lám. 31, fig. 2. 
Margaritana freytagi Kobelt, 1886 (syn. fide Haas, 1940). Jahrbücherdes 
Nassauischen Vereins für Naturkunde 39:98, lám. 8, figs. 1-4. 
Margaritana michaudi Locard, 1889 (syn. fide Germain, 1931). Contributions à la 
Faune Malacologique Française 13:17. 
Margaritana pyrenaica Bourguignat in Locard, 1889. (syn. fide Germain, 1931). 
Contributions à la Faune Malacologique Française 13:150. 
Margaritana alleni Castro in Locard, 1899 (syn. fide Haas, 1917a). Archives du 
Museum d‟Histoire Naturelles de Lyon 7:212. 
Margaritana durrovensis Philips, 1928. Proceedings of the Malacological Society of 
London 18:69-74, lám. 3-4. 
 
Descripción original: Mya margaritifera Linnaeus, 1758. Systema Naturae, ed. 
10, 1:671. 
Localidad tipo: En los torrentes de todo el orbe septentrional (In totius orbis 
arctici cataractis). 
Ilustrado en: Lister 1685. Appendicis ad Historiam Animalium Angliae, London, 
lám. I, fig. 1; Pontoppidan 1755. The Natural History of Norway pág. 165; Lister 
1770. Historiae sive sinopsis methodicae Conchyliorum et, Oxford, fig. 149; 
Schröter 1779. Die Geschichte der Flüssconchylien, Gebauer. Halle, lám. 4, fig. 1. 
 
Comentario taxonómico 
Esta especie fue ilustrada por Lister (1685) y Pontoppidan (1755) antes incluso de 
ser descrita por Linneo. La población de aguas calizas de Irlanda descrita como M. 
durrovensis Phillips, 1928 se considera actualmente como un ecotipo de la especie 
(Machordom et al. 2003; Lucey 2006). 
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Distribución 
Holártico. Históricamente la especie se distribuía por todos los ríos salmoneros y 
trucheros de la costa occidental europea entre los 40 y 60º N, desde la península 
Ibérica hasta la costa Ártica de la antigua URSS (península de Kola), y la costa 
este de América del Norte (Ziuganov et al. 1994). 
En la península Ibérica (Fig. 8) se conocen poblaciones en ríos atlánticos desde el 
Baixo Miño hasta el Narcea (Álvarez-Claudio et al. 2000; San Miguel et al. 2004), 
en siete afluentes del Duero: Águeda (Salamanca), Tera y Negro (Zamora), Paiva, 
Tuela, Mente y Rabaçal (Portugal), en los ríos Cávado y Neiva (Portugal), en el 
curso alto del Bibey (cuenca del Miño) (Zamora) y en un afluente del Tajo, el río 
Alberche (Ávila) (Velasco et al. 2002, 2006; Reis 2003; Morales et al. 2004; 
Morales et al. 2005; Velasco & Romero 2006). 
 
 
Figura 8. Distribución de Margaritifera margaritifera. 
Figura 8. Distribuição de Margaritifera margaritifera. 
Figure 8. Distribution map of Margaritifera margaritifera. 
 
 
Morfología externa (Figs. 9, 10) 
Concha de color marrón oscuro a casi negro, gruesa, robusta y moderadamente 
comprimida. Los juveniles son de color ámbar brillante a rojizo (Fig. 9B). El 
margen dorsal ligeramente arqueado junto con el ventral generalmente cóncavo le 
confieren una forma arriñonada, aunque en zonas de gravas heterométricas y 
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fuerte corriente se pueden encontrar ejemplares de siluetas irregulares o 
deformes. El umbo está desplazado hacia la parte anterior, no sobresale de la 
concha y en los adultos suele aparecer sin periostraco y extensamente erosionado. 
Externamente se distingue de M. auricularia por ser más ovalada, pequeña y 
frágil. 
El interior de la concha es de color blanco nacarado con irisaciones de diversas 
tonalidades. Las impresiones de los músculos aductores son muy patentes, tanto 
la del anterior, reniforme, como la del posterior, ovalado. La impresión del 
músculo retractor pedal es más evidente que la del protractor, aunque su límite se 
desdibuja fusionándose con la del aductor anterior. La charnela es larga con 
dientes laterales vestigiales o prácticamente ausentes en los adultos, aunque sí 
existen en los juveniles. La valva izquierda tiene dos dientes cardinales poco 
desarrollados y uno la derecha; suelen ser comprimidos lateralmente, recurvados 
y levemente aserrados en su parte superior. 
Presenta las mismas particularidades anatómicas de la especie anterior: papilas 
del sifón inhalante pequeñas y arborescentes (Fig. 5B), nunca cónicas, carece de 
abertura supra-anal, diafragma incompleto y septos interlamelares distribuidos al 
azar entre las dos láminas de cada branquia. 
 
Ciclo de vida 
Al igual que el resto de las especies de la familia Margaritiferidae, M. margaritifera 
incuba sus larvas en las cuatro branquias, pudiendo albergar una hembra adulta 
grávida de 3 a 10 millones de embriones (Ross 1992). Los gloquidios (Fig. 6B) son 
muy pequeños (60 x 70 µm), y aunque se han descrito como carentes de dientes 
o espinas (Nezlin et al. 1994; Pekkarinen & Valovirta 1996), Harms (1907, 1909) 
menciona la existencia de unos pequeños dientes en el borde ventral. 
En el río Varzuga (Península de Kola, Rusia) la gametogénesis ocurre entre finales 
de agosto y mediados de septiembre, con una liberación de gloquidios de entre 6-
8 semanas y presencia de peces infestados desde mediados de septiembre a 
finales de junio del año siguiente (Ziuganov et al. 1994). En los ríos de Galicia sin 
embargo, parece que la gametogénesis se produce en primavera-verano y que la 
proporción de ejemplares hermafroditas simultáneos es elevada (Grande et al. 
2001). En ríos del noroeste de Zamora se ha visto que el periodo de gravidez se 
extiende entre mediados de agosto y mediados de octubre con gran simultaneidad 
en todos los individuos (Morales 2006; Morales, datos no publicados). 
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Los gloquidios tienen una mortalidad superior al 99% en los primeros días (Jansen 
et al. 2001), por lo que disponen de poco tiempo para ponerse en contacto con las 
branquias del pez hospedador. El salmón del Atlántico (Salmo salar L.) y el reo 
(Salmo trutta trutta L.) parecen ser los hospedadores óptimos de M. margaritifera, 
mientras que otros salmónidos como la trucha arco-iris [Oncorhynchus mykiss 
(Walbaum)], o ciprínidos reófilos como foxinos, bogas o barbos son resistentes a 
las larvas (Bauer 1987a, b, 1997, 2001; Bauer & Vogel 1987; Ziuganov et al. 
Figura 9. Margaritifera margaritifera. 
A. Río Landro (Lugo). B. Juvenil 
del río Eo (Lugo). 
Figura 9. Margaritifera margaritifera. 
A. Rio Landro (Lugo). B. Juvenil do 
rio Eo (Lugo). 
Figure 9. Margaritifera margaritifera. 
A. Landro river (Lugo). B. Juvenil 
from the Eo River (Lugo). 
Figura 10. Margaritifera margaritifera. 
A. Río Arnego (Pontevedra). B. Río 
Tambre (La Coruña). 
Figura 10. Margaritifera margaritifera. 
A. Rio Arnego (Pontevedra). B. Rio 
Tambre (La Coruña). 
Figure 10. Margaritifera margaritifera. 
A. Arnego river (Pontevedra). B. 
Tambre river (La Coruña). 
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1994; Morales 2006). La ausencia de Salmo salar en la mayoría de los ríos de 
Europa occidental desde hace 5 ó 6 décadas es probablemente la razón por la cual 
sea actualmente la trucha el principal hospedador; por lo tanto, es imprescindible 
la presencia de efectivos de S. trutta var. fario L. en los ríos interiores ibéricos 
donde probablemente nunca han existido salmones. 
La expulsión de gloquidios se realiza de forma dependiente de la temperatura del 
agua (Hastie & Young 2003), rodeados de una masa mucosa translúcida que 
permanece a la deriva en la columna de agua (Ondina obs. pers.). Dado que los 
alevines de peces se alimentan mayormente por deriva en zonas someras y de 
fuerte turbulencia, esta estrategia de las náyades podría incrementar su éxito 
reproductivo aumentando la probabilidad de que los gloquidios sean ingeridos por 
el hospedador. El tiempo de permanencia de los gloquidios en las branquias del 
pez es variable, entre 10 y 12 meses aproximadamente (Bauer 1994; Hastie & 
Young 2003). Los peces adultos parecen ser menos susceptibles a la infestación 
que los alevines de la última freza (edad 0+). Aunque esto se atribuye a 
fenómenos de inmunidad por infecciones previas (Bauer, 1987c; Ziuganov et al. 
1994), se ha observado tanto infestación como re-infestación de peces adultos 
(Young et al. 1987; Geist et al. 2006; Morales 2006). 
En condiciones favorables de experimentación, las náyades juveniles crecen de 0,5 
a 2,5 mm en 26 meses de vida, crecimiento que realiza Unio pictorum en menos 
de 11 meses (Wächtler et al. 2001). 
La longevidad de M. margaritifera es excepcionalmente alta, aunque variable entre 
poblaciones dependiendo de la latitud y de las condiciones ambientales (Bauer 
1992; Ziuganov et al. 2000). En el río Keret (Karelia, Finlandia) alcanzan 167 años 
y un tamaño de 162 mm (Ziuganov et al. 1994), mientras que en Bavaria 
(Alemania) la esperanza de vida está entre 30 y 132 años, con rangos de longitud 
máxima de 80-145 mm (Bauer 1983, 1992). Tanto Hendelberg (1961) como 
Hastie et al. (2000a) señalan que es relativamente frecuente que la especie 
supere el siglo de vida en río subárticos de Suecia así como en poblaciones 
escocesas. Sin embargo, en Galicia, coincidiendo con el extremo meridional del 
rango de distribución de la especie, alcanza una longitud máxima aproximada de 
95 mm, sobrepasando muy pocas veces los 130 mm, poseen una tasa de 
crecimiento superior a la de las poblaciones nórdicas con aguas más frías, 
especialmente los seis primeros años, y raramente alcanzan los 65 años de vida 
(San Miguel et al. 2004). En los afluentes del Duero se han encontrado náyades 
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de longitudes superiores a 130 mm (río Alberche), así como poblaciones muy 
dispares que ofrecen medianas poblacionales desde 64 (río Rabaçal) a 107 mm 
(río Tera) (Reis 2003; Morales 2004). 
A diferencia del patrón de variación genética de las poblaciones centroeuropeas 
(Geist & Kuehn 2005), las poblaciones gallegas poseen baja variabilidad 
intrapoblacional, alta diferenciación genética entre cuencas y unas tasas de 
autofecundación elevadas (entre un 48 y un 70%) (Bouza et al. 2007; Toledo et 
al. in review). Estos resultados estarían en concordancia con la predicción genérica 
de las poblaciones periféricas: reducida variabilidad como resultado de un 
pequeño tamaño poblacional y aislamiento espacial. Todo ello puede considerarse 
estrechamente relacionado con la posibilidad de hermafroditismo simultáneo por 
parte de las hembras de las colonias sometidas a determinadas condiciones 
ambientales o de estrés poblacional por baja densidad de individuos (Bauer 
1987c). 
 
Hábitat 
En España únicamente habita en ríos salmoneros y trucheros de aguas limpias y 
muy poco calcificadas, frías, ácidas, transparentes y muy bien oxigenadas, con 
fondos de rocas, piedras y gravas, en ocasiones con sustratos finos y arenosos 
(Figs. 7C, D). Se conocen poblaciones desde casi a nivel del mar (río Eo) hasta 
zonas trucheras a más de 1000 m de altitud (río Bibey). Parece preferir 
profundidades entre 0,5 y 2 m, pero pueden vivir a mayor profundidad (Ziuganov 
et al. 1994). 
Suele formar colonias en las zonas más sombrías y cercanas a la orilla 
coincidiendo en los ríos peninsulares con aquellos tramos en los que se conserva 
el bosque de ribera original, dominado por Alnus glutinosa (Álvarez-Claudio et al. 
2000; Velasco et al. 2002, 2006; Morales 2004; Morales et al. 2007; Outeiro et al. 
2008). Estos agregados se distribuyen a lo largo del lecho fluvial, pudiéndose 
encontrar desde individuos aparentemente aislados a colonias de decenas de 
ejemplares. 
 
Conservación 
Catalogada en el Libro Rojo de los invertebrados de España como En Peligro 
(Verdú & Galante 2006). Se ha incluido recientemente en la categoría En Peligro 
por la IUCN (2009), indicando que se encuentra enfrentada a un riesgo muy alto 
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de extinción en estado silvestre en un futuro próximo. Existe un Plan de Acción de 
la Comunidad Europea (Araujo & Ramos 2001) para la conservación de todas las 
poblaciones de sus Estados miembros. El declive de esta especie en Europa se 
considera dramático y está recientemente documentado en el 90% de su 
distribución conocida en el siglo XX (Young et al. 2001). 
A nivel autonómico únicamente ha sido incluida en el Catálogo Gallego de Especies 
Amenazadas, regulado por el Decreto 88/2007, en la categoría En Peligro de 
Extinción, lo que implica la elaboración de un Plan de Recuperación específico 
sobre el que actualmente se está trabajando. Castilla y León está desarrollando un 
Plan de Acción (Morales et al. 2005) emanado de los esfuerzos de estudio y 
gestión del hábitat realizados en Zamora a través del Programa LIFE-Náyade 
(LIFE03/NAT/E/000051). 
Es importante reseñar que la elevada longevidad de esta especie, aún con 
importantes variaciones latitudinales, oculta su precario estado de conservación al 
poder persistir durante mucho tiempo poblaciones de adultos sin que exista 
reclutamiento. Así, aunque en los últimos diez años se ha ampliado de forma 
importante el conocimiento sobre el área de distribución de la especie en la 
Península, tanto en las colonias de baja como de alta densidad se observa un 
déficit importante de las cohortes más jóvenes (Álvarez-Claudio et al. 2000; 
Morales et al. 2004; Morales et al. 2007; Outeiro et al. 2008). Esta ausencia de 
renovación generacional parece que data de las últimas décadas y que deriva de 
las profundas modificaciones que se han producido a lo largo del siglo XX en los 
cauces fluviales y en la calidad del agua. Todos los estudios coinciden en mostrar 
a M. margaritifera como una especie de requerimientos muy específicos y de tasa 
neta de crecimiento muy lento, lo que la hace especialmente vulnerable. 
Alteraciones físicas en los lechos (dragados, encauzamientos, obras públicas, 
centrales hidroeléctricas...) y en las cuencas hidrográficas (deforestación, 
repoblaciones intensivas con especies foráneas como eucaliptos y coníferas, 
incendios forestales, desertificación...) producen pérdida de microhábitat para los 
exigentes juveniles, ya que los intersticios oxigenados de los fondos de gravillas 
que precisan quedan aterrados (-siltation-) (Geist & Kuehn 2005; Ziuganov et al. 
2001; Morales et al. 2007). La proliferación de residuos nitrogenados en los 
fondos producida por la contaminación química y orgánica, en especial amonio, 
produce un fuerte impacto que reduce las posibilidades de reclutamiento y las de 
reproducción para los hospedadores (Augspurger et al. 2003; Geist & Auerswald 
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2007). Si a la baja tasa de supervivencia de las fases larvarias y la elevada 
mortandad de los juveniles, se une la escasez de hospedadores propia de los ríos 
ibéricos, se puede comprender la vulnerabilidad de las poblaciones ante la falta de 
reclutamiento en ciclos muy prolongados. 
Con excepción del hombre, la especie en estado adulto tiene pocos predadores 
naturales. Aunque en EEUU está documentado que puede ser presa de la rata 
cibelina [Ondatra zibethicus (L.)] (Zhaner & Hanson 2001) y en Escocia se han 
citado evidencias (Cosgrove et al. 2007) de predación natural por parte de 
ostreros [Haematopus ostralegus (L.)], visón americano (Mustela vison Schreber) 
y nutria [Lutra lutra (L.)], en la península Ibérica no está descrita su predación 
por ningún vertebrado semiacuático. Sí se conocen, sin embargo, numerosos 
relatos de habitantes ribereños que aseguran haber sacrificado hace décadas 
grandes cantidades de ejemplares para alimentarse de ellos. 
Dado que presentan unas características únicas respecto a las poblaciones 
europeas, y una situación más frágil por tratarse de poblaciones aisladas 
geográficamente en la periferia de su rango ecológico, es necesario un esfuerzo 
coordinado para la conservación de las poblaciones ibéricas. Cabe destacar la 
población del río Eo, con densidades puntuales de 53 náyades m-2 y un tramo con 
un 30% de ejemplares menores de 65 mm, es decir, de individuos menores de 10 
años (Outeiro et al. 2008), así como la del Rabaçal, con densidades de 50 náyades 
m-2 y buen reclutamiento (Reis 2003). Aunque son datos relativamente bajos en 
comparación con los del norte de Europa (Hastie et al. 2000b), destacan frente a 
otros ríos de la península donde no se han detectado juveniles y raramente la 
densidad de adultos es superior a 1 náyade m-2 (Velasco et al. 2002; Reis 2003; 
Morales et al. 2004, 2007; Morales 2004). En otros ríos salmoneros se han 
encontrado algunos juveniles, como el Narcea (Álvarez-Claudio et al. 2000) o el 
Masma (Outeiro et al. 2008), aunque no en número suficiente como para asegurar 
la viabilidad de la población. En el río Alberche se localizaron algunos ejemplares 
de menos de 30 mm (Velasco et al. 2006). 
Es de la máxima urgencia su inclusión en el nuevo Catálogo Español de Especies 
Amenazadas en la categoría En Peligro, y simultáneamente, la puesta en marcha 
de un amplio programa de restauración de sus hábitats y de regeneración de las 
poblaciones de truchas. 
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Potomida littoralis (Cuvier, 1798) 
 
Sinónimos 
Al igual que ocurre con la mayoría de las náyades, P. littoralis tiene una enorme 
variabilidad morfológica, lo que se refleja en los 31 sinónimos que aporta Haas 
(1969) o en los 93 de Graf (2007). En el listado siguiente solamente se han 
considerado nombres adjudicados a especies ibéricas y francesas. 
 
Unio littoralis Lamarck, 1801. Système des Animaux sans Vertèbres:114. 
Unio brevialis Lamarck, 1819. Histoire Naturelle des Animaux sans Vertèbres 
6:73. 
Unio subtetragonus Michaud, 1831. Complément de l'Histoire naturelle des 
mollusques, terrestres et fluviatiles de la France, de Draparnaud:111, lám. 
XVI, fig 23. 
Unio draparnaldii Deshayes, 1831. Description des Coquilles Terrestres:38, lám. 
14, fig. 6. 
Unio incurvus Lea, 1831. Transactions of the American Philosophical Society 4:97, 
lám. 13, fig. 27. 
Unio pianensis Farines in Boubée, 1833. Bulletin de l‟Histoire Naturelle de France 
1, Mollusques Zoophytes:27. 
Unio cuneatus Jacquemin, 1835. Guide Ror. Arles:124. 
Unio rotundatus Mauduyt, 1839. Tableau indicatif et descriptif des mollusques 
terrestres et fluviatiles du Département de la  Vienne:9, lám. 1, fig. 314. 
Unio barraudi Bonhomme, 1840. Mémoires de la Société Scientifique d‟Aveyron 
2:430. 
Unio bigerrensis Millet, 1843. Magasin de Zoologie:3, lám. 64, fig. 2. 
Unio littoralis var. umbonatus Rossmässler, 1844. Iconography der Land und 
Süswasser Mollusken 4:36, lám. 69, fig. 849. 
Unio astierianus Dupuy, 1850. Histoire naturelle des mollusques terrestres et 
d'eau douce qui vivent en France:636, lám. 23, fig. 9. 
Unio moulinsianus Dupuy, 1850. Histoire naturelle des mollusques terrestres et 
d'eau douce qui vivent en France:640, lám. 24, fig. 10. 
Unio rhomboideus Moquin-Tandon, 1855. Histoire naturelle des mollusques 
terrestres et fluviatiles de France 2:508, lám. 47, figs. 4 a 9. 
Unio subreniformis Bourguignat, 1863. Mollusques nouveaux, litigieux ou peu 
connus. Revue et Magazin de Zoologie pure et appliquée:138, lám. 34, figs. 4 
a 6. 
Unio hippopotami Bourguignat, 1869. Catalogue des Mollusques terrestres et 
fluviatiles des environs de Paris, à l'époque quaternaire:21, lám. 3, figs. 52 a 
54.  
Unio bigorriensis Locard, 1882. Prodrome de Malacologie française 1:284. 
Unio rathymus Bourguignat in Locard, 1882. Prodrome de Malacologie française 
1:284.  
Unio hispalensis Kobelt, 1887. Iconographie der Land und Süswasser Mollusken 
3:53, lám. 88, fig. 492.  
Unio calderoni Kobelt, 1887. Iconographie der Land und Süswasser Mollusken 
3:54, lám. 88, fig. 494.  
Unio gandiensis Drouet, 1888. Journal de Conchyliologie de Paris 28:103. 
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Unio pacomei Bourguignat in Locard, 1889. Contribution a la  faune malacologique 
française 13:20.  
Unio calderoni var. salvadori Kobelt, 1892. Nachrichtsblatt der Deutschen 
Malakozoologischen Gesellschaft 24:201.  
Unio circulus Bourguignat in Locard, 1893. Coquilles des eaux douces et 
saumatres de France:153. 
Unio sphaericus Bourguignat in Locard, 1893. Coquilles des eaux douces et 
saumatres de France 153. 
Unio circinatus Drouet, 1893. Unionidae de l‟Espagne 33:fig. 6.  
Unio rhysopigus Drouet, 1893. Unionidae de l‟Espagne 37:fig. 7. 
Unio mauduyti Germain, 1897. Bulletin de la Société des Sciences Naturelles de 
Rouen 70. Nomen novum por Unio rotundatus Mauduyt, 1839, no Unio 
rotundatus Lamarck, 1819. 
Unio littoralis taginus Kobelt, 1903. Iconographie der Land und Süswasser 
Mollusken 10:28, lám. 279, fig. 1795. 
Unio kinkelini Haas, 1908. Nachrichtsblatt der Deutschen Malakozoologischen 
Gesellschaft 40:177. 
Unio batavus catalonicus Haas in Bofill & Haas, 1920. Treballs del Museu de 
Ciènces Naturals de Barcelona 3:291, 363, lám. 3, figs. 19 a 22. 
 
Descripción original: Unio littoralis Cuvier, 1798. Tableau élèmentaire de 
l’histoire naturelle des animaux, p. 425. 
Ilustrado en: Bruguière 1797. Tableau encyclopédique et méthodique des trois 
regnes de la nature, Paris, lám. 248, fig. 2; Araujo 2008. Graellsia 64:fig. 1. 
Ambas figuras ilustran probablemente el ejemplar tipo. 
 
Comentario taxonómico 
De los 7 taxa que Haas (1969) considera dentro del grupo Potomida littoralis, 
solamente dos se distribuyen por la península Ibérica, P. l. littoralis (Cuvier) [no 
Lamarck, como dice Haas (1969)] y P. l. umbonata (Rossmässler), pero los dos 
pertenecen a la misma especie P. littoralis (Reis et al. en rev.), a su vez la misma 
que se distribuye por Francia (datos sin publicar). Las cinco especies de Potomida 
que cita Altaba (1991) en los ríos del mediterráneo “catalán” corresponden a P. 
littoralis. 
Esta especie ha sido adscrita a los géneros Potomida, Swainson (1840), Psilunio, 
Stefanescu (1896) y Rhombunio, Germain, 1991. También ha sido citada con 
autor equivocado como Unio littoralis (Lamarck 1801) y como Unio rhomboideus 
(Schröter 1779). Recientemente se ha intentado aclarar toda esta confusión 
nomenclatorial (Araujo 2008). 
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Distribución 
Paleártica circunmediterránea. Suroeste de Europa: Francia, España, Portugal y 
Grecia (Haas 1969; Araujo 2008). También en el norte de África (Marruecos, 
Argelia y Túnez) y suroeste de Asia (Armenia, Turquía, Siria, Israel y Palestina), 
aunque probablemente se trate de especies diferentes de aspecto muy similar a P. 
littoralis (datos sin publicar). Fósil en el Pleistoceno de las Islas Británicas, 
Alemania, Balcanes y sur de Rusia (Ellis 1978). 
En la península Ibérica (Fig. 11) tiene un área de distribución muy amplia, 
ocupando la mayoría de las vertientes atlánticas y mediterráneas. 
 
 
Figura 11. Distribución de Potomida littoralis. 
Figura 11. Distribuição de Potomida littoralis. 
Figure 11. Distribution map of Potomida littoralis. 
 
 
Morfología externa (Fig. 12) 
Aunque de aspecto muy variable dependiendo del hábitat, quizá sea la especie de 
náyade ibérica más fácil de identificar. Concha sólida, alta y gruesa, de contorno 
variable: oval, elíptica, romboide o ligeramente cuadrangular. Color oscuro, de 
castaño a negro, a veces verdoso y en ocasiones con líneas amarillentas radiales 
que parten del umbo. Los juveniles de 1-2 cm tienen un color pardo claro y la 
escultura del umbo se caracteriza por abundantes pliegues ondulados bien 
marcados (Fig. 13A). En los adultos el periostraco suele estar desgastado, dejando  
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Figura 12. Potomida littoralis. A. Río Vascao (Beja/Faro). B. Río Valdeazogues 
(Ciudad Real). C. D. Río Ebro. 
Figura 12. Potomida littoralis. A. Rio Vascão (Beja/Faro). B. Rio Valdeazogues 
(Ciudad Real). C. D. Rio Ebro. 
Figure 12. Potomida littoralis. A. Vascao river (Beja/Faro). B. Valdeazogues river 
(Ciudad Real). C. D. Ebro river. 
 
 
visible zonas calcáreas blancas. Charnela corta y fuerte, con dientes cardinales 
piramidales cónico obtusos, fuertes y aserrados: valva izquierda con 2 dientes 
laterales y 2 cardinales y valva derecha con 1 diente lateral y 1 cardinal. Inserción 
del músculo aductor anterior muy marcada. Normalmente alcanzan tamaños de 6-
8 cm, habiéndose señalado como dimensiones máximas: 9,2 cm de longitud, 6,4 
cm de altura y 3,1 cm de anchura (Haas 1941). 
Como en todas las especies de la familia Unionidae, presentan una abertura 
supra-anal dorsal a los sifones inhalante y exhalante. En la abertura inhalante 
(Fig. 5C) se observan papilas cónicas de diferentes tamaños (más pequeñas en el 
margen exterior) y en la abertura exhalante, como en otros uniónidos, el borde 
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parece ligeramente aserrado por la presencia de papilas incipientes que no llegan 
a asomar. 
Los septos de los filamentos branquiales están perforados y no son continuos 
como en otros uniónidos, aunque en otras especies se ha observado que esta 
característica puede variar con la época de reproducción, de forma que durante la 
incubación, los septos aparecen abiertos (Nagel et al. 1998). 
 
 
Figura 13. Escultura umbonal de: A. Potomida littoralis. B. U. delphinus. C. U. 
gibbus. D. U. tumidiformis. E. U. ravoisieri. F. Anodonta anatina. 
Figura 13. Escultura do umbo de: A. Potomida littoralis. B. U. delphinus. C. U. 
gibbus. D. U. tumidiformis. E. U. ravoisieri F. Anodonta anatina. 
Figure 13. Umbonal sculpture of: A. Potomida littoralis. B. U. delphinus. C. U. 
gibbus. D. U. tumidiformis. E. U. ravoisieri. F. Anodonta anatina. 
 
 
Ciclo vital 
Como la mayoría de los Unionoidea es una especie dioica. Alcanzan la madurez 
sexual a los 4-5 años de edad, cuando miden aproximadamente 4 cm (Nagel 
2004). A diferencia de otras especies de la familia, las 4 branquias (y no 
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solamente las 2 exteriores) actúan como marsupio para la incubación (Haas 
1917b). En el Ebro se han visto hembras grávidas en julio y agosto y juveniles 
recién nacidos a principios de septiembre (Haas 1917b), así como gloquidios entre 
los meses de marzo a octubre (Araujo et al. 2000). Probablemente su época de 
reproducción no está sincronizada, de forma que no todos los adultos de una 
población se reproducen a la vez (Nagel 2004). Los gloquidios (Figs. 6C, D) miden 
0,21 mm, tienen forma de cuchara y están dotados de minúsculas espinas 
cuticulares en el borde de las valvas, pero sin el fuerte gancho ventral típico de 
otros uniónidos (Giusti 1973 ; Nagel 1999).  
En la península Ibérica los peces hospedadores de sus gloquidios parecen ser los 
barbos (género Barbus), aunque también podrían actuar como tales las bogas 
(género Chondrostoma) (Haas 1917b; Araujo et al. 2000). 
 
Hábitat 
Se trata de una especie típicamente fluvial, propia de los sectores medios y bajos 
de las cuencas. Aunque prefiere los ríos de mayor tamaño y caudal, vive también 
en afluentes menores con cierta corriente, en acequias y canales de riego que 
mantienen los fondos naturales, e incluso en grandes lagos (ej. Ruidera, Bañolas). 
En los canales del Ebro es la especie de náyade más común. Muchas veces se 
encuentra enterrada en zonas de sustratos gruesos, entre piedras y rocas, aunque 
también aparece en lugares tranquilos entre arena y fango (Figs. 7E, F). Puede 
vivir en la zona central del lecho del río, incluso hasta 6-10 m de profundidad 
(Haas 1917b; Reis 2006), pero es más común entre las raíces de los árboles de 
las riberas y en los taludes. También entre piedras en zonas de rápidos y aguas 
someras. Habita en aguas de distinta naturaleza (silíceas, calizas) y, aunque 
necesita aguas limpias, no aparece en aguas oligotróficas de montaña. 
Al igual que ocurre con sus distribuciones, existe una clara coincidencia entre los 
hábitats fluviales de esta especie y los de los peces bentónicos del género Barbus. 
 
Conservación 
Catalogada como Vulnerable en el Libro Rojo de los Invertebrados de España 
(Verdú & Galante 2006), De Interés Especial en el Catálogo de Especies 
Amenazadas de Castilla-La Mancha y Vulnerable en el Catálogo Gallego de 
Especies Amenazadas y en el Libro Rojo de los Invertebrados de Andalucía (Barea-
Azcón et al. 2008). 
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Cada vez es menos frecuente encontrar grandes colonias, apareciendo poblaciones 
con muy pocos individuos y sin juveniles. Es una especie en franca regresión que 
ha desaparecido de muchas localidades en Galicia (Rolán, 1998), Comunidad 
Valenciana (Martínez-Ortí & Robles 2003), Portugal (Reis 2006), Madrid (Soler et 
al. 2006), Castilla y León (Velasco & Romero 2006) y Andalucía (Barea et al. 
2008). 
Dado que la tasa actual de desaparición de las náyades es catastrófica, y que cada 
vez son mayores las afecciones sobre los ríos donde habita (tanto naturales -
sequías, riadas- como artificiales -detracciones de agua, embalses, eutrofización-), 
se recomienda su inclusión en el nuevo Catálogo Español de Especies Amenazadas 
en la Categoría de Vulnerable. 
 
Unio mancus Lamarck, 1819 
 
Sinónimos 
Se han listado como sinónimos de U. mancus todos los que Haas (1969) considera 
sinónimos de U. elongatulus mancus Lamarck (ver más abajo) y U. elongatulus 
moquinianus Dupuy, pero no los de U. e. requienii Michaud. El listado de 
sinónimos de U. mancus no será definitivo hasta que se conozca la identidad 
exacta de las diferentes poblaciones europeas de las subespecies de U. 
elongatulus. 
 
Unio moquinianus Dupuy, 1843. Essai sur les Mollusques Terretres et Fluviatiles et 
leurs Coquilles Vivantes et Fossiles du Département du Gers 80, figs. 1-2. 
Unio ardusianus Reyniès, 1843. Lettre à Moquin-Tandon 5, lám. 1, figs. 7-8. 
Unio aleroni Companyo y Massot, 1845. Bulletin de la Société Agricole, 
Scientifique et Littéraire des Pyrénées-Orientales 6:234-235, fig. 2. 
(Sinonimizado por Bourguignat, 1866). 
Unio valentinus Rossmässler, 1854. Iconographie der Land und Susswasser 
Mollusken 37, lám. 69, fig. 852. 
Unio graellsianus Bourguignat, 1865. Mollusques nouveaux, litigieux ou peu 
connus. Revue et Magazin de Zoologie pure et appliquée 147, lám. 23, figs. 4-
7. 
Unio courquinianus Bourguignat, 1865. Mollusques nouveaux, litigieux ou peu 
connus. Revue et Magazin de Zoologie pure et appliquée 149, lám. 26. 
Unio condatinus Letourneux in Locard, 1882. Prodrome de Malacologie française 
1:356. 
Unio gobionum Bourguignat in Locard, 1882. Prodrome de Malacologie française 
1:364. 
Unio mucidulus Bourguignat in Locard, 1882. Prodrome de Malacologie française 
1:366. 
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Unio mongazonae Servain, 1887. Bulletin de la Société Malacologique de France 
4:253. 
Unio asticus Servain, 1887. Bulletin de la Société Malacologique de France 4:259. 
Unio eutrapelus Servain, 1887. Bulletin de la Société Malacologique de France 
4:260. 
Unio antimoquinianus Locard, 1889. Contributions à la Faune Malacologique 
Française, XIII, Revision des espèces françaises appartenant aux genres 
Margaritana et Unio:121. 
Unio oberthurianus Bourguignat in Locard, 1889. Contributions à la Faune 
Malacologique Française, XIII, Revision des espèces françaises appartenant 
aux genres Margaritana et Unio:142. 
Unio arcuatulus Bourguignat in Locard, 1889. Contributions à la Faune 
Malacologique Française, XIII, Revision des espèces françaises appartenant 
aux genres Margaritana et Unio:138. 
Unio amblyus Castro in Locard, 1889. Contributions à la Faune Malacologique 
Française, XIII, Revision des espèces françaises appartenant aux genres 
Margaritana et Unio:119. 
Unio almenarensis Drouet, 1893. Mémoires de Société Académique d‟Agriculture, 
des Sciences, Arts et Belles-Lettres du Départment de Dijon 4:4, 62, lám. 1, 
fig. 2. 
Unio consentaneus var. moquini Germain, 1931. Faune de France 22:73, fig. 829. 
 
Descripción original: Unio mancus Lamarck, 1819. Histoire Naturelle des 
Animaux sans vertèbres 6,Parte 1:80. 
Localidad tipo: Río Drée en Borgoña, Francia. 
Ilustrado en: Dupuy 1843. Essai sur les Mollusques terrestres et fluviatiles du 
département du Gers 80, figs. 1-2; Companyó & Massot 1845. Bulletin de la 
Société Agricole, Scientifique et Littéraire des Pyrénées-Orientales 6:234-235, fig. 
2; Rossmässler 1854. Iconographie der Land und Süsswasser Mollusken, mit 
vorzüglicher Berücksichtigung der europäischen noch nicht abgebildeten Arten. 
Erster Band 37, lám. 69, fig. 852. 
 
Comentario taxonómico 
De las 17 subespecies de la especie mediterránea Unio elongatulus C. Pfeiffer, 
1825 consideradas por Haas (1940, 1969), solamente dos se han citado en la 
península Ibérica: U. elongatulus penchinatianus Bourguignat, 1865, que viviría en 
los ríos del noreste mediterráneo hasta el Ebro, y U. elongatulus valentinus 
Rossmässler, 1854, en los ríos al sur del Ebro. Una tercera subespecie, U. 
elongatulus mancus Lamarck, 1819, cuya localidad tipo es el río Drée, sólo se 
distribuiría por Francia (Haas 1969). Recientes estudios (Araujo et al. 2005; 
Toledo et al. datos no publicados) han demostrado que las poblaciones del Ebro y 
otros ríos mediterráneos ibéricos más al norte, salvo alguna excepción (ver 
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comentario taxonómico de U. ravoissieri), y las de U. e. valentinus, pertenecen a 
la misma especie, que a su vez es la misma que vive en el río Drée. Es por eso 
que la especie ibérica debe llamarse U. mancus Lamarck, 1819. 
Es interesante comentar aquí que una cuarta subespecie, U. elongatulus aleroni 
Companyó & Massot, según Haas (1969) exclusiva del sur Francia, es también un 
sinónimo de U. mancus, lo que se ha comprobado (Toledo et al. datos no 
publicados) analizando dos genes mitocondriales de ejemplares del río Basse (Sur 
de Francia), localidad tipo de U. aleroni. La historia de la descripción de U. aleroni 
es muy curiosa, ya que sus autores renegaron de la especie una vez leídos los 
comentarios de Bourguignat (1866) sobre las deficiencias que este autor achacó a 
su descripción (ver Azpeitia 1933 págs. 263-264). Bourguignat fue así el primero 
en advertir que la especie de Companyó & Massot era la misma que el U. mancus 
del levante ibérico (el cual cita como U. requieni), mientras que prácticamente al 
mismo tiempo describía la especie U. penchinatianus del lago de Bañolas 
(Bourguignat, 1865), especie que en Cataluña ha sido confundida con U. aleroni, y 
que a su vez es un sinónimo del taxón norteafricano U. ravoissieri Deshayes, 1847 
(ver comentario taxonómico de esta especie). 
Altaba (1991) cita la presencia de cuatro táxones diferentes de U. elongatulus en 
los ríos del levante “catalán”, incluyendo U. e. aleroni. Salvo en el caso del lago de 
Bañolas y del río Ser, en los que se trata de U. ravoissieri, todas estas citas 
pertenecen probablemente a U. mancus. 
 
Distribución 
En la península Ibérica (Fig. 14) vive en los ríos de las cuencas mediterráneas con 
un límite meridional situado en la cuenca del Júcar. Hasta que no se haga un 
estudio detallado de todas las subespecies de U. elongatulus consideradas por 
Haas (1969), se desconoce su distribución europea. 
Es la única especie de Unio de la cuenca del Ebro, donde vive con Potomida 
littoralis, Anodonta anatina y Margaritifera auricularia, y la más común en los ríos 
del mediterráneo ibérico. También se ha encontrado junto con U. ravoissieri en el 
lago de Bañolas. 
 
Morfología externa (Fig. 15) 
Junto con U. delphinus es la especie ibérica de Unio más variable, ya que también 
presenta caracteres externos diferentes según el hábitat. Solamente por la concha 
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es muy difícil de distinguir de Unio elongatulus, e incluso puede ser confundida 
con la especie atlántica ibérica U. delphinus. Por su distribución, solamente puede 
confundirse con ejemplares simpátricos de U. ravoisieri, pues los individuos de 
esta especie que viven en ríos pueden ser muy similares a los de U. mancus. 
 
 
Figura 14. Distribución de Unio mancus. 
Figura 14. Distribuição de Unio mancus. 
Figure 14. Distribution map of Unio mancus. 
 
 
Forma muy variable, con ejemplares de concha pequeña, muy fina y delicada, 
hasta otros con concha muy robusta. Presenta el aspecto típico de mejillón o 
almeja de río con una concha generalmente abombada y alargada de coloración 
pardo-negruzca o pardo-amarillenta con zonas más verdosas. Concha inequilateral 
con la parte anterior redondeada y la posterior alargada y truncada, acabando en 
un corto pico. Umbo prominente, redondeado y prosogirado que en ocasiones 
puede presentar escultura umbonal, simple u ondulada, consistente en 2 filas de 
tubérculos, una medial y otra posterior. El interior de las valvas es blanco 
nacarado brillante y presenta una línea paleal muy marcada entre las cicatrices de 
los músculos aductores anterior y posterior. El ligamento que articula las dos 
valvas es externo y discurre por el borde dorsal. Valva izquierda con dos dientes 
posteriores de aspecto laminar y muy alargados y dos dientes cardinales 
crenulados, muy pronunciados en los ejemplares más alargados, que en ocasiones 
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pueden aparecer fusionados en una única estructura laminar. La valva derecha 
presenta un diente lateral posterior muy alargado y un único diente cardinal que 
puede resultar muy variable incluso entre los ejemplares de una misma población, 
donde se pueden observar desde estructuras robustas y crenuladas a formas más 
delicadas y de aspecto laminar. El tamaño siempre es menor de 10 cm y 
raramente supera los 9 cm. 
Sifón inhalante con papilas cónicas típicas, a veces ramificadas (Figs. 5D, 16B). 
 
 
 
Figura 15. Unio mancus. A. Río Brugent (Gerona). B. Canal Imperial de Aragón 
(Zaragoza). C. Río Ebro en Sástago (Zaragoza). D. Acequia El Barranquet 
(Valencia). E. Río Irati (Navarra). 
Figura 15. Unio mancus. A. Rio Brugent (Gerona). B. Canal Imperial de Aragón 
(Zaragoza). C. Rio Ebro em Sástago (Zaragoza). D. Vala El Barranquet 
(Valencia). E. Rio Irati (Navarra). 
Figure 15. Unio mancus. A. Brugent river (Gerona). B. Canal Imperial de Aragón 
(Zaragoza). C. Ebro river at Sástago (Zaragoza). D. El Barranquet ditch 
(Valencia). E. Irati river (Navarra). 
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Ciclo vital 
En la cuenca del Ebro Haas (1917b) encontró ejemplares grávidos entre los meses 
de julio y agosto, mientras que Araujo et al. (2000) observaron la liberación de 
gloquidios entre los meses de marzo y octubre. En experimentos realizados en 
acuarios la emisión de gloquidios se produjo desde final de abril hasta agosto. La 
cámara de las branquias externas es la única que actúa como marsupio para la 
incubación de los gloquidios. Éstos son blanquecinos y triangulares y presentan un 
fuerte gancho en el centro del borde ventral, que aparece armado con numerosas 
espículas (Figs. 6E, F). El tamaño medio (medidos al microscopio electrónico) es 
de 216.8 µm de longitud (ds=7.58; n=15), 193.3 µm de altura (ds=13.31; n=13) 
y 162 µm de anchura (ds=1.99; n=2) (Araujo et al. 2005). 
 
Experimentos realizados en laboratorio (Araujo et al. 2005) han permitido 
identificar hasta siete especies diferentes de peces en los que los gloquidios de U. 
mancus completan su metamorfosis y que podrían por lo tanto actuar como 
hospedadores de esta especie: Barbus graellsii Steindachner, Barbus haasi 
Mertens, Squalius pyrenaicus (Günther), Squalius cephalus (L.), Chondrostoma 
miegii Steindachner, Phoxinus phoxinus L. y Salaria fluviatilis (Asso). Se han 
obtenido ejemplares juveniles en 141 grados/día. Las pruebas realizadas con 
Cyprinus carpio L., Gobio gobio (L.) y Acipenser baerii Brandt dieron buenos 
resultados en la infestación, pero los gloquidios se desprendieron antes de 
completar su metamorfosis. En condiciones naturales, tan sólo se han obtenido 
resultados positivos de infestación con Barbus graellsii entre un total de siete 
especies pescadas (Araujo et al. 2005). Los gloquidios se fijan a las branquias 
(90%) y aletas (10%). 
 
Hábitat (Fig. 16A) 
Se trata de una especie típicamente fluvial que, a excepción de las zonas de alta 
montaña, es capaz de ocupar todo tipo de tramos de ríos, tanto de primer orden 
como de afluentes menores, así como canales de riego que mantengan sus fondos 
naturales. Aunque no es muy común, puede aparecer también en grandes 
embalses (Madeira et al. 2007), así como en lagos (ej. Albufera de Valencia, 
Bañolas). Vive generalmente semienterrado en fondos de gravas bien asentadas 
de los brazos secundarios del río, en el centro del cauce en zonas con poca 
corriente y en los taludes bien conservados a la sombra de la vegetación de ribera 
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e incluso entre las raíces de los árboles. Todos ellos hábitats fluviales donde los 
peces hospedadores de sus gloquidios pasan gran parte de su vida. Sin embargo, 
también se han localizado ejemplares en zonas de sustrato grueso encajados 
entre piedras y rocas, en fondos de fango y materia orgánica y en playas de 
arena. Teniendo en cuenta la distribución histórica de esta especie y las 
características del agua donde se han recogido ejemplares vivos, parece que U. 
mancus es una especie propia de aguas duras, con concentraciones de calcio 
superiores a 100 mg/l. Aunque, como la mayoría de las náyades, requiere aguas 
limpias, puede vivir en acequias de riego. 
 
 
   
Figura 16. Náyades vivas: A. B. Unio mancus. C. D. U. delphinus. E. F. Anodonta 
anatina. 
Figura 16. Náiades vivas: A. B. Unio mancus. C. D. U. delphinus. E. F. Anodonta 
anatina. 
Figure 16. Living naiads: A. B. Unio mancus. C. D. U. delphinus. E. F. Anodonta 
anatina. 
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Conservación 
Con el nombre de U. elongatulus está amparada por las siguientes figuras de 
protección: Directiva Hábitats (Anexo V): Especies animales y vegetales de interés 
comunitario cuya recogida en la naturaleza y cuya explotación pueden ser objeto 
de medidas de gestión. Convenio de Berna (Anexo III): Especies protegidas que  
pueden ser objeto de explotación controlada, pero para las que está prohibido 
utilizar los métodos de caza/captura/pesca que se mencionan en el anexo IV. 
Catálogo Valenciano de Especies de Fauna Amenazada (Anexo I): En peligro de 
extinción. Amparada por la ley 3/1988 (DOGC nº 967, de 18/03/1988) de la 
Generalitat de Cataluña, de protección de animales (anexo b): Regulación de las 
actividades fotográficas, científicas y deportivas que puedan afectar a la fauna 
salvaje. Dado que el nombre U. mancus se asigna en la península Ibérica a las 
poblaciones anteriormente conocidas como U. elongatulus, toda la normativa que 
se aplica a esta especie debe ahora asignarse a U. mancus. Como U. mancus está 
incluida en el Libro Rojo de los Invertebrados de España en la categoría Casi 
amenazado (Verdú & Galante 2006). 
Se trata de una especie en franca regresión, especialmente en el tramo medio del 
río Ebro, donde sus poblaciones están disminuyendo de forma alarmante, siendo 
la segunda náyade menos abundante después de M. auricularia (Araujo et al. 
2007). Esta desaparición se debe a las afecciones antrópicas en el medio, 
responsables de la desaparición paulatina de estos moluscos. También está 
desapareciendo del resto de los ríos mediterráneos ibéricos así como de la 
Albufera de Valencia. Las poblaciones de los principales canales que toman agua 
del Ebro (Imperial de Aragón y de Tauste) parecen ser las más abundantes y 
estructuradas, con presencia regular de ejemplares juveniles (Gómez & Araujo 
2008). La principal amenaza que actualmente se cierne sobre estas poblaciones 
son los cortes de agua que se suceden regularmente a lo largo del año. En primer 
lugar, porque en ocasiones se vacían demasiado los canales, siendo frecuentes la 
aparición de zonas en seco tanto en el centro del cauce como en los taludes; de 
este modo, los ejemplares que se encuentran en esas zonas quedan expuestos al 
aire libre en épocas en las que además son frecuentes las heladas, con lo que se 
pueden producir episodios de mortalidad. Y por otro lado, estos cortes de agua 
provocan la desaparición de los peces, que se van al río por los batideros, 
reduciéndose así las posibilidades de contacto entre náyades y peces. Además, a 
estas alteraciones del hábitat hay que sumarle la presencia en los canales de 
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grandes densidades de especies de moluscos exóticos invasores (mejillón cebra -
Dreissena polymorpha- y almeja asiática -Corbicula fluminea) que pueden agravar 
más la situación de esta especie. Por todo ello, se recomienda su inclusión en el 
nuevo Catálogo Español de Especies Amenazadas en la Categoría de Vulnerable. 
 
Unio gibbus Spengler, 1793 
 
Sinónimos 
Unio turdetanus Drouet, 1893. Unionidae de l‟Espagne 66-67:pl. I, fig. 4. 
Unio tifleticus Pallary, 1923. Bulletin de la Société des Sciences Naturelles du 
Maroc 78. Figurado en Pallary 1927. Journal de Conchyliologie 71,lám. 7, figs. 
1-2.  
Unio (Limniun) foucauldiana Pallary, 1936. Journal de Conchyliologie 63-64,lám. 
4, fig. 2. 
Unio (Limniun) seurati Pallary, 1936. Journal de Conchyliologie 64-65,lám. 4, fig. 
1. 
 
Descripción original: Unio gibbus Spengler, 1793. Skrifter af Naturhistorie 
Selskabet, Kjobenhavn 3:64. 
Localidad tipo: Tranquebar, India. Sin duda un error (ver más abajo); Holotipo 
en el Zoological Museum of the University of Copenhagen. Nº: ZMUC BIV-434. 
Ilustrado en: Haas 1913: Videnskabelige Meddelelser fra Dansk Naturhistorisk 
Forening I Kjobenhavn 65:60, fig. 6; Knudsen et al. 2003. Steenstrupia 27:274, 
fig. 12. 
 
Comentario taxonómico 
Curiosamente, Spengler (1793), que es quien describe la especie U. gibbus, indica 
que el ejemplar tipo procede de Tranquebar (India), pero ya Haas (1913) advierte 
el error e indica que su procedencia es España y que se trata de la misma especie 
que el U. turdetanus de Drouet (1893). Años más tarde, el mismo Haas (1969) 
considera tanto U. gibbus como U. turdetanus entre las sinonimias de U. pictorum 
delphinus, uno de los 13 taxa en los que este autor dividió U. pictorum, pero 
recientemente se ha demostrado que se trata de una especie distinta (Araujo et 
al. 2009b). 
En cuanto a las otras sinonimias de U. gibbus, Unio tifleticus fue 
sorprendentemente sinonimizado por Haas (1969), y posteriormente por Daget 
(1998), con Potomida littoralis fellmani (Deshayes), la “raza” norteafricana de P. 
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littoralis. Y en cuanto a Unio (Limniun) foucauldiana y Unio (Limniun) seurati, han 
sido considerados por Daget (1998) sinónimos del taxon norteafricano U. 
elongatulus durieui Deshayes, uno de los 17 taxa en los que Haas (1969) separó 
la especie mediterránea U. elongatulus C. Pfeiffer; no obstante, Haas (1969) no 
consideró en su libro ninguno de estos dos taxa. 
 
Distribución 
Ríos atlánticos del sur de la península Ibérica y Marruecos (Araujo et al. 2009b), 
también en los ríos del Mediterráneo marroquí, Argelia y Túnez. En la península 
(Fig. 17) sólo se han localizado ejemplares vivos en el río Barbate (Cádiz).  
Drouet (1893) cita U. turdetanus en el arroyo salado cerca de Morón en Sevilla, 
donde no ha podido encontrarse por haberse modificado totalmente el hábitat. 
Pallary (1923, 1927, 1936) cita Unio tifleticus en el río Tiflet (cuenca del Sebou) 
Marruecos, Unio (Limniun) foucauldiana en el río Sous, al sur de Agadir 
(Marruecos) y Unio (Limniun) seurati en Chèlif (Argelia). Se han encontrado 
ejemplares de esta especie procedentes de Argelia en la colección del Museo 
Nacional de Historia Natural de Paris (Francia) y se ha tenido conocimiento de la 
presencia actual de la especie en ríos de Túnez (com. pers. Noureddine Khalloufi). 
 
 
Figura 17. Distribución de Unio gibbus. 
Figura 17. Distribuição de Unio gibbus. 
Figure 17. Distribution map of Unio gibbus. 
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Morfología externa (Fig. 18) 
Concha ligeramente inflada, de silueta oval a redondeada y generalmente elevada 
en su parte dorsal posterior. La silueta recuerda a la de Potomida littoralis, sobre 
todo los ejemplares juveniles. Parte anterior redondeada en forma de arco de 
círculo y parte posterior también redondeada pero elevada en la región dorsal 
formando una quilla en la zona del ligamento. Concha delgada y ligera, con el 
periostraco en ocasiones desflecado en las zonas posterior y ventral de las valvas. 
Color verduzco (especialmente en los ejemplares marroquíes) o pardo, a menudo 
con bandas radiales más claras. Umbos redondeados y prominentes, nunca 
erosionados, y de color más claro que el resto de la concha. Se puede observar el 
gloquidio en el ápice del umbo a modo de protoconcha. Escultura umbonal (Fig. 
13C) consistente en 2 ó 3 filas de fuertes tubérculos paralelos a las líneas de 
crecimiento de la concha, más patente en los ejemplares ibéricos. En los 
ejemplares juveniles los tubérculos posteriores se extienden en una línea diagonal 
que no se observa en los adultos. Valva izquierda con dos dientes 
pseudocardinales laminares, a menudo crenulados, que pueden estar juntos o 
separados, el posterior apuntado y más elevado, y dos dientes laminares laterales 
posteriores de longitud variable, el inferior siempre más elevado. Valva derecha 
con un diente pseudocardinal normalmente apuntado y plano y uno lateral 
posterior muy alto. Longitud máxima 85.6 mm. 
Papilas del sifón inhalante (Fig. 5F) de forma cónica y distribuidas en varias filas, a 
veces ramificadas. 
 
Ciclo de vida 
En el río Barbate las hembras están grávidas al final de febrero. Sin embargo, en 
Marruecos se han visto hembras con gloquidios maduros a principios de junio 
(Araujo et al. 2009b). En los ejemplares españoles toda la cámara de las 
branquias externas actúa como marsupio, pero en algunos ejemplares marroquíes 
se ha visto que las cámaras de ambas branquias pueden llenarse con gloquidios, 
algo excepcional en el género Unio. Los gloquidios (Figs. 19A, B) en la población 
marroquí estudiada son triangulares, algo redondeados, con forma intermedia 
entre los propios de Unio y Potomida. Borde del gloquidio cubierto de pequeños 
abultamientos cuyo tamaño va aumentando hacia la parte ventral de la concha, 
aunque parece que sin llegar a formar las espículas y ganchos típicos del género. 
No obstante, en ejemplares de Túnez se ha visto que los gloquidios sí presentan 
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gancho ventral (Khalloufi com. pers.) Dimensiones medias de los gloquidios 
(medidos al microscopio electrónico): longitud: 209.17 µm (ds = 2.83; n = 19), 
altura: 211 µm (ds = 3.93; n = 21), anchura: 67.67 µm (ds = 5.99; n = 3).  
Se desconocen las especies de peces que pueden servir de hospedadores para sus 
gloquidios. 
 
Hábitat 
En fondos de arena y grava. Bajo la sombra de árboles en riberas y taludes. 
También entre piedras en zonas de rápidos. En España convive con Potomida 
littoralis, Unio delphinus y Anodonta anatina, mientras que en Marruecos se ha 
encontrado junto con Unio delphinus y Potomida sp. 
 
 
Figura 18. Unio gibbus. Río Barbate (Cádiz).  
Figura 18. Unio gibbus. Rio Barbate (Cádiz). 
Figure 18. Unio gibbus. Barbate river (Cádiz). 
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Figura 19. Gloquidios de: A. B. U. gibbus. C. D. U. delphinus. E. F. U. 
tumidiformis. G. H. Anodonta anatina. 
Figura 19. Gloquídios de: A. B. U. gibbus. C. D. U. delphinus. E. F. U. 
tumidiformis. G. H. Anodonta anatina. 
Figure 19. Glochidia of: A. B. U. gibbus. C. D. U. delphinus. E. F. U. tumidiformis. 
G. H. Anodonta anatina. 
 
 
Conservación 
Dado que solamente se conoce de una localidad, U. gibbus es ahora mismo la 
especie de náyade más amenazada no sólo de la península Ibérica sino también 
de Europa. Además, dicha población ha sufrido muy recientemente gravísimos 
episodios de sequía que han podido mermar sus efectivos. Existen evidencias de 
que antes del drenado y desecación de la antigua laguna de la Janda (Cádiz), el 
hábitat de U. gibbus se extendía por una extensión mayor que la actual. 
Pese a que su reconocimiento como especie válida es muy reciente, ya está 
catalogada (con el nombre de Unio sp.) en la categoría de En Peligro en el Libro 
Rojo de los invertebrados de Andalucía (Barea-Azcón et al. 2008). Se recomienda 
su inclusión urgente en el nuevo Catálogo Español de Especies Amenazadas en la 
categoría En Peligro. 
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Unio delphinus Spengler, 1793 
 
Sinónimos 
Unio hispanus Moquin-Tandon in Rossmässler, 1844. Iconographie der Land und 
Susswasser Mollusken 2:26, lám. 56, fig. 747.  
Unio dactylus Morelet, 1845. Description des Mollusques terrestres et fluviatiles du 
Portugal:110, lám. 14, fig. 2.  
Unio mucidus Morelet, 1845. Description des Mollusques terrestres et fluviatiles du 
Portugal:111, lám. 14, fig. 3.  
Unio lusitanus Drouet, 1879. Journal de Conchyologie:327.  
Unio hyperephanus Castro, 1885. Bulletin de la Société Malacologique de France 
2:289. 
Unio nevesi Castro, 1885. Bulletin de la Société Malacologique de France 2:291. 
Unio simoesi Castro, 1885. Bulletin de la Société Malacologique de France 2:292. 
Unio schousboei Bourguignat in Locard, 1889. Conchyliologie Portugaise:250. 
Unio subhispanus Castro in Locard, 1889. Conchyliologie Portugaise:244. 
Unio cameratus Drouet, 1893. Unionidae de l‟Espagne:45,lám. 2, fig. 8. 
Unio limosellus Drouet, 1893. Unionidae de l‟Espagne:46,lám. 2, fig. 4. 
Unio decurtatus Drouet, 1893. Unionidae de l‟Espagne:47,lám. 1, fig. 9. 
Unio gravatus Drouet, 1893. Unionidae de l‟Espagne:49,lám. 2, fig. 6. 
Unio chorellus Castro in Locard, 1899. Conchyliologie Portugaise:227. 
Unio barbozanus Castro in Locard, 1899. Conchyliologie Portugaise:233. 
Unio ocresanus Castro in Locard, 1899. Conchyliologie Portugaise:236. 
Unio chasmirhynchus Castro in Locard 1899. Conchyliologie Portugaise:246. 
Unio mundanus Castro in Locard 1899. Conchyliologie Portugaise:247. 
Unio euchasmus Castro in Locard 1899. Conchyliologie Portugaise:249. 
Unio tameganus Castro in Locard, 1899. Conchyliologie Portugaise:221. 
Unio oncomensis Locard, 1899. Conchyliologie Portugaise:225. 
Unio hypoxanthus Locard, 1899. Conchyliologie Portugaise:226. 
Unio chorellinus Locard, 1899. Conchyliologie Portugaise:228. 
Unio submucidus Locard, 1899. Conchyliologie Portugaise:230. 
Unio castroi Bourguignat in Locard, 1899. Conchyliologie Portugaise:234. 
Unio silvai Bourguignat in Locard, 1899. Conchyliologie Portugaise:235. 
Unio paulinoi Locard, 1899. Conchyliologie Portugaise:242. 
Unio taganus Servain in Locard, 1899. Conchyliologie Portugaise:252. 
Unio abrantesianus Castro in Locard, 1899. Conchyliologie Portugaise:253. 
Unio scalabisianus Castro in Locard, 1899. Conchyliologie Portugaise:254. 
Unio allenianus Castro in Locard, 1899. Conchyliologie Portugaise:255. 
Unio cyrtus Castro in Locard, 1899. Conchyliologie Portugaise:257. 
Unio sousanus Locard, 1899. Conchyliologie Portugaise:258. 
Unio novus Castro in Locard, 1899. Conchyliologie Portugaise:258. 
Unio neothaumus Castro in Locard, 1899. Conchyliologie Portugaise:259. 
Unio requienii taginus Kobelt, 1903. Iconographie der Land und Susswasser 
Mollusken 11:28, lám. 279, fig. 1796. 
 
Descripción original: Unio delphinus Spengler, 1793. Skrifter af Naturhistorie 
Selskabet, Kjobenhavn 3:63. 
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Localidad tipo: Tranquebar, India. Sin duda un error (ver más abajo). Sintipo en 
el Zoological Museum of the University of Copenhagen. Nº: ZMUC BIV-433. 
Ilustrado en: Haas 1913. Videnskabelige Meddelelser fra Dansk Naturhistorisk 
Forening I Kjobenhavn 65:59, fig. 5; Knudsen et al. 2003. Steenstrupia 27:273-
274, fig. 11. 
 
Comentario taxonómico 
Como en el caso de U. gibbus, Spengler (1793) indica que el ejemplar tipo de U. 
delphinus procede de Tranquebar (India), pero una vez más Haas (1913) advierte 
el error y asegura que su procedencia es España y que se trata de la misma 
especie que el U. hispanus de Moquin Tandon. Años más tarde, el mismo Haas 
(1969) considera tanto U. delphinus como U. hispanus entre las sinonimias de U. 
pictorum delphinus, uno de los 13 taxa en los que este autor dividió U. pictorum, 
pero recientemente se ha demostrado que U. delphinus es una especie diferente 
del U. pictorum europeo (Reis et al. en rev.). 
De los 13 taxa en que Haas (1969) divide la especie U. pictorum, solamente dos 
se distribuyen por la península Ibérica, U. pictorum mucidus Morelet, 1845 y U. 
pictorum delphinus Spengler, 1793, y ambos corresponden a U. delphinus. 
También es esta especie la que se ha citado en la península Ibérica como Unio 
pictorum (L. 1757) (Vidal Abarca & Suárez 1985) o más recientemente, como U. 
cf. pictorum (Reis 2006; Reis et al. en rev.). 
 
Distribución 
Ríos atlánticos de la península Ibérica y Marruecos. En la península (Fig. 20) es la 
especie de Unio más común y distribuida por estos ríos. 
 
Morfología externa (Figs. 21, 22) 
es una de las especies de Unio más variables, presentando caracteres externos 
diferentes según el hábitat, lo que explica el gran número de sinónimos que tiene. 
Solamente por los caracteres de la concha es muy difícil de distinguir de la especie 
Unio pictorum que vive en el resto de Europa, e incluso puede ser confundido con 
la especie mediterránea española U. mancus, así como con otros taxones 
relacionados (por ej. U. elongatulus) (Araujo et al. 2005). Concha de silueta oval, 
generalmente alargada, aunque algunas poblaciones pueden presentar ejemplares 
redondeados o incluso de silueta casi rectangular. Parte anterior corta y 
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redondeada, la posterior más alargada. En las cuencas de aguas moderadamente 
duras o duras el borde dorsal desciende bruscamente hacia la parte posterior, 
formando un ángulo marcadamente agudo (característica común en las 
poblaciones al sur del Tajo). En las cuencas de aguas blandas el borde dorsal es 
alto y la parte posterior redondeada, como en algunos ejemplares de Unio 
tumidiformis (característica común al norte del Tajo) y que correspondería al Unio 
mucidus de Morelet, 1845. Concha sólida, de color amarillo verdoso a marrón muy 
oscuro. Umbos redondeados, generalmente planos pero a veces prominentes, muy 
erosionados cuando viven en aguas ácidas. La escultura del umbo (Fig. 13B) 
consiste en tubérculos paralelos a las líneas de crecimiento de la concha y no 
siempre es bien visible. Valva izquierda con dos dientes pseudocardinales 
crenulados que pueden estar juntos en un solo diente o separados, y dos dientes 
laterales laminares, el inferior más alto. Valva derecha con un diente 
pseudocardinal casi siempre crenulado, un engrosamiento supracardinal (situado 
entre el borde dorsal de la concha y el diente pseudocardinal), exclusivo de esta 
especie, y un diente lateral posterior laminar. Los pseudocardinales de ambas 
valvas pueden ser muy robustos. Longitud máxima de la especie 10 cm. 
Papilas del sifón inhalante (Figs. 5E, 16D) de forma cónica y distribuídas en varias 
filas. 
 
 
Figura 20. Distribución de Unio delphinus. 
Figura 20. Distribuição de Unio delphinus. 
Figure 20. Distribution map of Unio delphinus. 
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Ciclo de vida 
Se reproduce en verano. En el sur de la península (Río Barbate, Cádiz) se han 
visto hembras grávidas (con huevos) en febrero. La presencia de embriones y 
gloquidios maduros suele ocurrir entre mayo y julio en toda su área de 
distribución, desde Marruecos hasta el norte de España. En todos los ejemplares 
estudiados el marsupio se limita a toda la cámara de las branquias externas. Los 
gloquidios (Figs. 19C, D) son triangulares con un fuerte gancho ventral adornado 
con espículas. Dimensiones máximas de los gloquidios: (medidos con microscopio 
electrónico): longitud: 229 µm, altura: 213 µm, anchura: 151,8 µm. 
Se desconocen los peces hospedadores de sus gloquidios, aunque teniendo en 
cuenta su amplia distribución y el rango de hospedadores de especies próximas 
como Unio pictorum y Unio mancus (Berrie & Boize 1985; Araujo et al. 2005), 
debería incluir varias especies comunes en los ríos atlánticos de la península, por 
ejemplo: Barbus spp., Chondrostoma spp. (s.l.), Gasterosteus aculeatus L. y 
Squalius spp. entre otras.   
 
Hábitat (Fig. 16C) 
En todo tipo de ríos y arroyos con agua permanente. Más común en riberas y 
taludes de arena bajo la sombra de los árboles, pero también en fondos de grava 
y cieno y en orillas soleadas. Puede aparecer en lagos (ej. Ruidera) y rara vez en 
embalses. 
En ríos de aguas temporales suelen quedar poblaciones aisladas en las pozas que 
mantienen agua durante el estiaje donde se mantienen refugiadas junto con los 
peces. 
 
Conservación 
Con el nombre de U. pictorum o U. cf. pictorum, está catalogado como Casi 
Amenazado en el Libro Rojo de los Invertebrados de España (Verdú & Galante 
2006), De Interés Especial en el Catálogo Regional de Especies Amenazadas de 
Castilla-La Mancha y Vulnerable en el Catálogo Gallego de Especies Amenazadas y 
en el Libro Rojo de los Invertebrados de Andalucía (Barea-Azcón et al. 2008). 
Aunque es la especie de Unio más común de los ríos atlánticos de la península 
Ibérica, está en regresión, y sus poblaciones están desapareciendo de muchas 
localidades (Rolán 1998; Reis 2006; Soler et al. 2006; Velasco & Romero 2006; 
Barea-Azcón et al. 2008). 
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Dado que la tasa actual de desaparición de las náyades es catastrófica, y que cada 
vez son mayores las afecciones sobre los ríos donde habita U. delphinus (tanto 
naturales -sequías, riadas-, como artificiales -detracciones de agua, embalses, 
Figura 21. Unio delphinus. A. 
Arroyo Landrinos (Toledo). B. 
Lagunas de Ruidera (Albacete). C. 
Embalse de Gasset (Ciudad Real). 
D. Río Odelouca (Beja). E. Río 
Guadalporcún (Sevilla). 
Figura 21. Unio delphinus. A. 
Ribeira Landrinos (Toledo). B. 
Lagoas de Ruidera (Albacete). C. 
Albufeira de Gasset (Ciudad 
Real). D. Rio Odelouca (Beja). E. 
Rio Guadalporcún (Sevilla). 
Figure 21. Unio delphinus. A. 
Landrinos srteam (Toledo). B. 
Ruidera lagoons (Albacete). C. 
Gasset impoundment (Ciudad 
Real). D. Odelouca river (Beja). E. 
Guadalporcún river (Sevilla). 
Figura 22. Unio delphinus. A. Río 
Deza (Pontevedra). B. Juvenil 
Embalse de Gasset (Ciudad 
Real). 
Figura 22. Unio delphinus. A. Rio 
Deza (Pontevedra). B. Juvenil da 
Albufeira de Gasset (Ciudad 
Real). 
Figure 22. Unio delphinus. A. 
Deza river (Pontevedra). B. 
Juvenil from the Gasset 
impoundment (Ciudad Real). 
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eutrofización-), se recomienda su inclusión en el nuevo Catálogo Español de 
Especies Amenazadas en la Categoría de Vulnerable. 
 
Unio tumidiformis Castro, 1885 
 
Sinónimos 
Unio batavus sensu Morelet, 1845. Description des Mollusques terrestres et 
fluviatiles du Portugal:109 (non Unio crassus batavus Maton and Rackett, 
1807). 
Unio sadoicus Castro, 1885. Bulletin de la Société Malacologique de France 2:284.  
Unio macropygus Castro, 1885. Bulletin de la Société Malacologique de France 
2:286. 
Unio eupygus Castro, 1885. Bulletin de la Société Malacologique de France 2:287.  
Unio baeticus Kobelt, 1887. Iconographie der Land und Susswasser Mollusken 
8:55,lám. 89, fig. 495. 
Unio conimbricus Kobelt, 1893. Iconographie der Land und Susswasser Mollusken 
6:99,lám. 180, fig. 1133. 
Unio callypigus Drouët, 1893. Unionidae de l‟Espagne 65,lám. 2, fig. 2. 
 
Descripción original: Unio tumidiformis Castro, 1885. Bulletin de la Société 
Malacologique de France 2:283. 
Localidad tipo: Río Sado, Portugal; Sintipos en el Museu Zoológico Dr. Augusto 
Nobre, Porto, Portugal (2 ejemplares, colección Castro, lote Nº 47) y en el 
Muséum National d‟Histoire Naturelle, Paris, Francia (21 ejemplares, Colección 
Locard, lote MNHN 20839). 
Ilustrado en: Reis & Araujo (2009). 
 
Comentario taxonómico 
Esta especie ha sido identificada como Unio crassus batavus Maton and Rackett, 
1807 (Morelet 1845; Azpeitia 1933; Haas 1940, 1969) o más recientemente como 
Unio cf. crassus (Reis 2006; Reis et al. en rev.), pero se ha demostrado que se 
trata de una especie exclusiva de la península Ibérica (Reis & Araujo 2009) 
distinta de U. crassus que vive en el resto de Europa. 
 
Distribución 
Ríos atlánticos del suroeste de la península Ibérica (Reis & Araujo 2009). 
Actualmente sólo se conocen poblaciones en 3 cuencas hidrográficas (Fig. 23): 
Guadiana, Mira y Sado. No obstante, existe alguna cita en las cuencas del Tajo, 
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Guadalquivir y Mondego. Aunque su presencia actual en el Guadalquivir fuera 
posible, en el Tajo y el Mondego es más improbable. 
 
 
Figura 23. Distribución de Unio tumidiformis. 
Figura 23. Distribuição de Unio tumidiformis. 
Figure 23. Distribution map of Unio tumidiformis. 
 
 
Morfología externa (Fig. 24) 
Es la náyade ibérica que presenta la concha de menores dimensiones en estado 
adulto (longitud máxima: 60 mm). Puede confundirse en algunos casos con Unio 
delphinus, pero un análisis detallado de sus caracteres puede revelar la diferencia 
entre ambas especies. Concha muy ancha, como indica su nombre tumidiformis, 
de forma oval, generalmente alargada, pero no tanto como en Unio delphinus, y 
con una proporción longitud/anchura raras veces superior a 2,5. Parte anterior 
muy corta y redondeada, la posterior alargada y alta, terminando generalmente 
en una conexión redondeada entre el borde dorsal y ventral. En algunas 
poblaciones (por ej. en el río Sado, Portugal y en las lagunas de Ruidera, España) 
el borde dorsal posterior algo descendente formando un ángulo agudo. Concha de 
color amarillo verdoso a marrón muy oscuro, generalmente con unas rayas 
radiales amarillas, verdes o rojizas muy bien marcadas. Umbos redondeados y 
prominentes. La escultura del umbo (Fig. 13D) consiste en una serie de fuertes 
pliegues con forma de “w” paralelos a la longitud de la concha y apenas visibles 
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cuando el umbo se encuentra erosionado. Valva izquierda con dos dientes 
pseudocardinales crenulados y dos dientes laterales laminares, el inferior más 
alto. Valva derecha con un diente pseudocardinal casi siempre crenulado y algo 
curvo, con la concavidad hacia el borde dorsal de la concha, y un diente lateral 
posterior laminar.  
Papilas del sifón inhalante (Fig. 5G) de forma cónica y distribuidas en varias filas. 
 
Ciclo de vida 
Se reproduce en verano. La presencia de embriones y gloquidios maduros suele 
ocurrir entre abril y julio en toda su área de distribución (Reis & Araujo 2009). En 
la población del río Vascão (cuenca del Guadiana, Portugal) se han encontrado 
gloquidios entre marzo y agosto de 2007. En todos los ejemplares estudiados el 
marsupio se limita a toda la cámara de las branquias externas. Los gloquidios 
(Figs. 19E, F) son triangulares, con un fuerte gancho ventral adornado con 
espículas. Dimensiones máximas de los gloquidios: (medidos con microscopio 
electrónico): longitud: 202 µm, altura: 158 µm, anchura: 144 µm (Reis & Araujo 
2009). 
Se han probado diferentes especies de peces como potenciales hospedadores en 
experimentos en cautividad, pero sólo se han obtenido juveniles con ejemplares 
del género Squalius: S. alburnoides (Steindachner), S. aradensis (Coelho, 
Bogutskaya, Rodrigues & Collares-Pereira), S. carolitertii (Doadrio), S. pyrenaicus 
(Günther) y S. torgalensis (Coelho, Bogutskaya, Rodrigues & Collares-Pereira). 
Cualquier especie atlántica perteneciente a este género parece ser un buen 
hospedador para los gloquidios de Unio tumidiformis, independientemente de que 
ocurra naturalmente en simpatría con el bivalvo. 
 
Hábitat 
Generalmente en ríos de orden mediano con régimen de tipo mediterráneo 
temporal. En riberas y taludes de arena y cieno con vegetación bajo la sombra de 
los árboles. Puede aparecer en lagos (ej. Ruidera). 
En épocas de estiaje de los ríos suelen quedar poblaciones aisladas en las pozas 
que mantienen agua donde se refugian junto con los peces. El resto del año suele 
vivir muy enterrada en el cieno o la arena. 
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Figura 24. Unio tumidiformis. A. Río San Pedro (Beja). B. C. Lagunas de Ruidera 
(Albacete). D. Río Guadalmez (Ciudad Real). E. Río Vascao (Beja/Faro). F. Río 
Milagro (Ciudad Real). G. Río Guadaira (Sevilla). 
Figura 24. Unio tumidiformis. A. Rio São Pedro (Beja). B. C. Lagoas de Ruidera 
(Albacete). D. Rio Guadalmez (Ciudad Real). E. Rio Vascão (Beja/Faro). F. Rio 
Milagro (Ciudad Real). G. Rio Guadaira (Sevilla). 
Figure 24. Unio tumidiformis. A. San Pedro river (Beja). B. C. Ruidera lagoons 
(Albacete). D. Guadalmez river (Ciudad Real). E. Vascao river (Beja/Faro). F. 
Milagro river (Ciudad Real). G. Guadaira river (Sevilla). 
 
 
Conservación 
Catalogada como Vulnerable en el Libro Rojo de los Invertebrados de Andalucía 
(Barea-Azcón et al. 2008). Con el nombre de U. crassus está catalogada como 
Vulnerable en el Libro Rojo de los Invertebrados de España (Verdú & Galante 
2006). El nombre U. tumidiformis sustituye en la península Ibérica a U. crassus, 
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especie incluida en los anexos II y IV de la Directiva Hábitat, por lo que mantiene 
este estatuto de protección hasta que se revise la Directiva. 
Unio tumidiformis presenta varias características que justifican una atención 
particular para su conservación: 1. Es una especie endémica limitada en la 
actualidad a las cuencas del Guadiana, Mira y Sado. 2. Sus poblaciones se 
encuentran muy dispersas y aisladas, estando formadas en ocasiones por muy 
pocos ejemplares. 3. En toda su área de distribución la sequía presenta una 
amenaza creciente capaz de eliminar rápidamente las poblaciones. De hecho, se 
conoce por lo menos una población que hasta 2005 contaba con miles de 
ejemplares y reclutamiento de juveniles que ha desaparecido casi por completo 
tras la sequía de dicho año. 
Se recomienda su inclusión en el Catálogo Español de Especies Amenazadas en la 
categoría de Vulnerable. 
 
Unio ravoisieri Deshayes, 1847 
 
Sinónimos 
Unio moreleti Deshayes, 1847. Histoire naturelle des mollusques. In: Exploration 
scientifique de l‟Algérie. Paris, lám. 109, figs. 1-4. 
Unio penchinatianus Bourguignat, 1865. Mollusques nouveaux, litigieux ou peu 
connus. Revue et Magazin de Zoologie pure et appliquée 2:série (XVII): 342-
343, lám. 21, figs. 1-7. 
Unio tafnanus Kobelt, 1884. Iconographie der Land und Susswasser Mollusken 
1:66, lám. 28, fig. 216. 
Unio ravoisieri var. isserica Kobelt, 1884. Iconographie der Land und Susswasser 
Mollusken 1:65, lám. 28, fig. 215. 
Unio medjerdae Kobelt, 1886. Iconographie der Land und Susswasser Mollusken 
2:23, lám. 42, fig. 257-259. 
Unio micelii Kobelt, 1886. Iconographie der Land und Susswasser Mollusken 2:24, 
lám. 43, fig. 260-261. 
Unio delevieleusae Hagenmüller in Bourguignat, 1887. Prodrome de la Malacologie 
terrestre et fluviatile de la Tunisie:162. 
Unio doumeti Bourguignat, 1887. Prodrome de la Malacologie terrestre et fluviatile 
de la Tunisie:163. 
 
Descripción original: Unio ravoisieri Deshayes, 1847. Histoire naturelle des 
mollusques. In: Exploration scientifique de l‟Algérie. Paris, lám. 108, figs. 4-7.   
Localidad tipo: Lago Oubeira, La Calle (hoy El Kelaa), Argelia. 
Ilustrado en: Deshayes 1847. Histoire naturelle des mollusques. In: Exploration 
scientifique de l‟Algérie, lám. 108, figs. 4-7; Bourguignat 1864. Malacologie de 
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l‟Algérie, lám. 20, figs. 5-10; Bourguignat 1865. Mollusques noveaux, litigieux ou 
peu connus, 2 série (XVII), lám. 21, figs. 1-7. 
 
Comentario taxonómico 
La especie U. ravoisieri ha sido considerada por Haas (1969) como especie modelo 
del taxon norteafricano Unio pictorum ravoisieri Deshayes, pero probablemente se 
trata de una especie más próxima al grupo elongatulus que al grupo pictorum 
(sensu Haas). 
Por otra parte, Haas (1969) dividió la especie mediterránea U. elongatulus en 17 
taxa diferentes, uno de los cuales, U. elongatulus penchinatianus Bourguignat, 
viviría en los ríos del noreste de España hasta el Ebro (éste incluido) y el lago de 
Bañolas. Recientes estudios (Toledo et al., datos no publicados) demuestran que 
dentro de este taxon se incluyen dos especies diferentes: U. mancus (en los ríos 
mediterráneos ibéricos, ver comentario taxonómico de U. mancus) y U. ravoisieri 
(en la cuenca del Fluviá y el lago de Bañolas). Hemos comprobado que esta última 
especie, descrita por Bourguignat como U. penchinatianus en Bañolas, ya había 
sido previamente descrita por Deshayes en ríos argelinos con el nombre de U. 
ravoisieri. 
Altaba (1991) cita U. e. penchinatianus como especie endémica del lago de 
Bañolas, pero no considera la presencia de U. mancus en esta localidad. Tampoco 
Haas (1916) en su estudio sobre las náyades de dicho lago consideró la presencia 
de dos especies diferentes de Unio. Hoy sí sabemos que en Bañolas U. ravoisieri y 
U. mancus viven juntas y no son siempre fáciles de distinguir por su aspecto 
externo. Por ello, Araujo et al. (2005) consideraron la cita de Altaba (1991) una 
posible confusión con U. mancus. Unio ravoisieri ha sido también confundida 
(Altaba 1991; Comas & Mallarach 2004) con U. aleroni. Como ya se ha 
comentado, los recientes análisis moleculares de ejemplares de la localidad tipo de 
U. aleroni (río Basse al sur de Francia), han confirmado que se trata de ejemplares 
de U. mancus (Toledo et al. datos no publicados). 
 
Distribución 
En la península Ibérica (Fig. 25) restringida al lago de Bañolas y cuenca del Fluviá, 
donde se conoce del río Ser (Toledo et al. datos no publicados). Se desconoce si 
las citas de U. aleroni de la cuenca del Llobregat (Comas & Mallarach 2004) 
pertenecen en realidad a U. ravoisieri o a U. mancus. 
APPENDIX II – OTHER PUBLICATIONS ON FRESHWATER BIVALVES 
244 
Es una especie común en el norte de África al este del río Moulouya (Argelia y 
Túnez). 
 
 
Figura 25. Distribución de Unio ravoisieri. 
Figura 25. Distribuição de Unio ravoisieri. 
Figure 25. Distribution map of Unio ravoisieri. 
 
 
Morfología externa 
Los ejemplares del río Ser (Fig. 26A) presentan una concha muy fina, pequeña, 
siempre alargada y comprimida, de color pardo, a menudo verde o incluso 
amarillento, con los anillos de crecimiento externos muy juntos. Bordes dorsal y 
ventral paralelos, el dorsal a veces ligeramente ascendente hacia la región 
posterior. Umbos planos, muy poco prominentes. Escultura del umbo (Fig. 13E) 
formada por dos filas de tubérculos a menudo muy marcados y picudos, aunque 
no siempre presente (puede faltar incluso en ejemplares con el umbo no 
erosionado). Rara vez mayor de 60 mm aunque hay ejemplares hasta de 95 mm. 
Una de las principales características de esta especie es la forma redondeada del 
borde antero-dorsal de la concha, que dibuja un arco muy patente, aunque este 
carácter se encuentra también en algunas poblaciones de U. mancus. Ligamento 
fino. Charnela muy débil y delgada, con los dientes pseudocardinales pequeños y 
laminares, los de la valva izquierda generalmente fusionados en uno. 
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La forma de las conchas de los ejemplares de Bañolas (Fig. 26B) es bastante 
diferente, como suele ocurrir con las poblaciones que viven en lagos (ej. U. 
tumidiformis de las Lagunas de Ruidera). Tamaño muy grande (hasta 105 mm), 
con la concha mucho más espesa, inflada y sólida que en los ejemplares de río, y 
de color pardo amarillento, nunca verde. La región posterior aparece siempre 
cubierta de creta (Haas 1916). Silueta cuadrangular muy característica, con el 
umbo retrasado, de forma que la parte anterior es muy corta y la posterior muy 
alargada. Charnela y ligamento muy desarrollados; dientes pseudocardinales muy 
fuertes, aserrados y separados en la valva izquierda. Escultura del umbo similar a 
la de los ejemplares de río. 
En sus localidades ibéricas, U. ravoisieri solamente puede confundirse con Unio 
mancus. En el lago de Bañolas las dos especies son bastante difíciles de distinguir 
por sus caracteres externos. 
Papilas del sifón inhalante (Fig. 5H) de forma cónica y distribuidas en varias filas. 
 
 
Figura 26. Unio ravoisieri. A. Río Ser (Gerona). B. Lago de Bañolas (Gerona). 
Figura 26. Unio ravoisieri. A. Rio Ser (Gerona). B. Lago de Bañolas (Girona). 
Figure 26. Unio ravoisieri. A. Ser river (Gerona). B. Bañolas lake (Gerona). 
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Ciclo de vida 
Las branquias externas de las hembras del río Ser aparecen cargadas de huevos 
entre los meses de junio y julio. Se desconoce la morfología del gloquidio y sus 
posibles peces hospedadores, aunque se han citado las especies Barbus 
meridionalis Risso y Leuciscus cephalus L. (Generalitat de Catalunya 2004). En 
ríos de Túnez se ha visto que la liberación de las larvas se produce en marzo. 
 
Hábitat 
En fondos de grava y cieno de los cursos medianos y bajos de ríos pequeños y 
poco profundos. Generalmente muy escondido, clavado en las riberas y taludes a 
la sombra, también entre las raíces de los árboles. En el lago de Bañolas muy 
enterrado en el sedimento del fondo. 
 
Conservación 
Al tener una distribución tan restringida, la salud de sus poblaciones depende de 
la de las pocas masas de agua donde habita. Además, es una especie muy poco 
abundante y muy difícil de localizar. La población del lago de Bañolas requiere 
también una protección urgente ante la amenaza de desaparición 
fundamentalmente por la sustitución de peces nativos por peces exóticos. Se 
recomienda su inclusión en el nuevo Catálogo Español de Especies Amenazadas en 
la Categoría En Peligro. 
 
Anodonta cygnea (Linnaeus, 1758) 
 
Sinónimos 
El número de sinonimias de A. cygnea se cuenta por cientos. Haas (1969) por 
ejemplo, cita 542. El problema es que tanto en este caso como en el listado de 
sinonimias de Simpson (1900), también se incluyen las correspondientes a la otra 
especie europea A. anatina. Debido a esta dificultad y para evitar mayor 
confusión, solamente asignamos los sinónimos que hemos podido comprobar a 
partir de la iconografía (Schröter 1779; Drouet 1893; Azpeitia 1933) y de la 
consulta de los sintipos conservados en el Museu Zoológico Dr. Augusto Nobre 
(Porto, Portugal) y en el Muséum National d‟Histoire Naturelle (París, Francia): 
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Mya arenaria Schröter, 1779 (non Linnaeus, 1758). Die Geschichte der 
Flussconchylien mit vorzüglicher Rücksicht auf derjenigen welche in den 
Thuringenischen Wassern leben 165,lám. 2, fig. 1. 
Anodonta oblonga Millet, 1833. Mémoires de la Société Nationale 
d'Agriculture, Sciences et Arts d'Angers 1:242, lám. 12, fig. 1. 
Anodonta gallica Bourguignat, 1881. Matériaux pour servir à l'histoire des 
Mollusques Acéphales du système européen 123. 
Anodonta enhydra Castro, 1885. Bulletin de la Société Malacologique de France 
2:279. 
Anodonta apala Castro in Locard, 1899. Archives du Museum d‟Histoire Naturelle 
de Lyon 7:265. 
Anodonta pelophila Castro in Locard, 1899. Archives du Museum d‟Histoire 
Naturelle de Lyon 7:268. 
 
Descripción original: Mytilus cygneus Linnaeus, 1758. Systema Naturae 10. 
Aug.: 706, Nr. 218. 
Ilustrado en: Lister 1678. Historiae Animalium Angliae. London, T. 2, fig. 29; 
Lister 1685. Appendicis ad Historiam Animalium Angliae, London, figs. 2 y 3; 
Lister 1770. Historiae sive sinopsis methodicae Conchyliorum et, Oxford, T. 153, 
fig. 8; Gualtieri 1742. Index testarum Conchyliorum quae adservantur in Museo 
Nicolai Guialtieri. Florencia, T. 7, fig. F; Schröter 1779. Die Geschichte der 
Flüssconchylien, Gebauer. Halle, lám. 2, fig. 1; Rossmässler 1836. Iconographie 
der Land und Süsswasser Mollusken IV:1-27, lám. 19, fig. 280. 
 
Comentario taxonómico 
La especie A. cygnea ha sido confundida innumerables veces con A. anatina, 
siendo ambas muy polimórficas y difíciles de distinguir. Aunque Haas (1969) 
consideró que en Europa, y por lo tanto en la península Ibérica, sólo había una 
especie de Anodonta, A. cygnea, esto no es cierto. 
Existen varias ilustraciones de esta especie anteriores a su descripción. No 
obstante, gracias a Hanley (1855) sabemos que el ejemplar ilustrado por 
Rossmässler (1836, pl. 19, fig. 280) como A. cygnea var. Cellensis es idéntico al 
que Linneo describió como A. cygnea. Curiosamente, Rossmässler (1836) incluye 
como primera sinonimia de esta especie a Mytilus cellensis Schröter, 1779, t. 2, 
fig. 1, pero hemos comprobado, como probablemente ya hizo Bourguignat (1881, 
en Azpeitia 1933), que Schröter (1779) en ningún momento describe esa especie 
en su libro. No obstante, es necesario añadir que en la citada figura de Schröter 
(1779) sí se ilustra una auténtica A. cygnea pero con el nombre de Mya arenaria 
L. 
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Distribución 
Las únicas poblaciones que se conocen en la península Ibérica (Fig. 27) están en 
las lagunas litorales de agua dulce del centro de Portugal entre Aveiro y Coimbra 
(Reis 2006). En el año 2008 también se localizaron ejemplares en la laguna de 
Arbucies (Gerona), aunque han debido desaparecer tras las obras realizadas para 
su modernización (Araujo, obs. pers.). Probablemente esta especie no se 
distribuye de forma natural en la península Ibérica, de forma que su presencia es 
debida a la introducción de ejemplares o de peces infectados con gloquidios 
procedentes de Europa central (Reis et al. en rev.), ya que las lagunas donde ha 
aparecido son hábitats muy modificados por el hombre. No obstante, existen dos 
citas antiguas de la especie que parecen fiables: una en el río Mondego (Locard 
1899), en el extremo sur de su zona de ocurrencia actual, y otra en el río 
Palmones (Cádiz), en el sur de la península Ibérica (Azpeitia 1933). Aparte de 
éstas y otras citas de Castro (1873) y Locard (1899) en las lagunas donde existe 
actualmente y en la vecina laguna de Ervedal, otras citas que se puedan localizar 
en la bibliografía se refieren a A. anatina. 
 
 
 
Figura 27. Distribución de Anodonta cygnea. 
Figura 27. Distribuição de Anodonta cygnea. 
Figure 27. Distribution map of Anodonta cygnea. 
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Morfología externa (Figs. 28, 29) 
Concha muy grande, hasta 170 mm, y muy frágil, sin dientes en la charnela. Color 
pardo amarillento a verduzco. Aunque puede ser fácilmente confundida con A. 
anatina, es más alargada y con los bordes dorsal y ventral muy rectos y paralelos. 
Borde posterior generalmente muy alargado, a veces en pico. La escultura del 
umbo, cuando está presente, se limita a una serie de estrías concéntricas 
elevadas que siguen el dibujo de las líneas de crecimiento, siendo a veces 
discontinuas y a veces bifurcadas y discurriendo de borde a borde del umbo, lo 
que la distingue de A. anatina, cuya escultura, aunque similar, es siempre 
ondulada y a menudo no alcanza los bordes de la concha (Kennard et al. 1925). 
Otras dos características de A. cygnea son el umbo muy plano, de forma que éste 
Figura 28. Anodonta cygnea. 
Pateira de Fermentelos, Aveiro. 
Figura 28. Anodonta cygnea. 
Pateira de Fermentelos, Aveiro. 
Figure 28. Anodonta cygnea. 
Pateira de Fermentelos. 
Figura 29. Anodonta cygnea. 
Pateira de Fermentelos, Aveiro. 
Figura 29. Anodonta cygnea. 
Pateira de Fermentelos, Aveiro.  
Figure 29. Anodonta cygnea. 
Pateira de Fermentelos, Aveiro. 
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nunca es visible mirando la concha por la cara interna, y el ligamento largo y 
oculto. 
 
Ciclo de vida 
En la única población ibérica estudiada todos los ejemplares son hermafroditas y 
liberan los gloquidios en primavera (Lima, com. pers.). Solamente las branquias 
externas actúan como marsupio. Es una especie “long-term brooder”, es decir,  
que mantiene los gloquidios en las branquias durante todo el invierno. En 
Inglaterra los gloquidios maduros aparecen en otoño y son retenidos en la 
branquia materna  hasta la  próxima primavera (Wood 1974; Aldridge 1999), 
como también ocurre en Italia (Giusti et al. 1975). 
El gloquidio de A. cygnea es grande (longitud 350 µm, altura 350 µm) y 
triangular, con una característica espina en forma de gancho en el ápice ventral 
que a su vez está armada de numerosas espículas en toda su longitud (Nagel 
1999; Hoggarth 1999). Los gloquidios se fijan a los peces en los filamentos 
branquiales, opérculos, boca, ojos y aletas, fundamentalmente entre los meses de 
noviembre y mayo. Los peces hospedadores conocidos son: Gasterosteus 
aculeatus L, Atherina boyeri Risso, Tinca tinca L., Lepomis gibbosus L., Perca 
fluviatilis L. y Esox lucius L. (Wood 1974; Giusti et al. 1975; Dartnall & Wakey 
1979), de los que sólo los tres primeros son autóctonos de la península Ibérica. 
 
Hábitat 
En la península sólo se ha encontrado en lagunas de aguas poco profundas 
(menos de 5 metros), donde vive semi-enterrada en un cieno muy fino y 
distribuida prácticamente por toda la superficie del fondo. 
 
Conservación 
Catalogada en la categoría de Casi Amenazada en el Libro Rojo de los 
Invertebrados de España (Verdú & Galante 2006) y en la de Datos Insuficientes en 
el Libro Rojo de los Invertebrados de Andalucía (Barea-Azcón et al. 2008). Antes 
de proponer alguna medida de conservación para esta especie es necesario 
averiguar si se distribuye de forma natural por la península Ibérica. 
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Anodonta anatina (Linnaeus, 1758) 
 
Sinónimos 
Como ocurre con la especie anterior, el número de sinonimias de A. anatina es 
elevadísimo, estando además generalmente mezclados los sinónimos de esta 
especie con los de A. cygnea. Debido a esta y otras dificultades (ver apartado 
Comentario taxonómico), y para evitar mayor confusión, solamente consideramos 
como sinónimos válidos las especies ibéricas que hemos podido comprobar a 
partir de la iconografía (Drouet 1893; Azpeitia 1933). 
 
Anodonta regularis Morelet, 1845. Description des mollusques terrestres et 
fluviatiles du Portugal:100,lám. X, fig. única. 
Anodonta macilenta Morelet, 1845. Description des mollusques terrestres et 
fluviatiles du Portugal:102,lám. XI, fig. única. 
Anodonta lusitana Morelet, 1845. Description des mollusques terrestres et 
fluviatiles du Portugal:103,lám. XII, fig. 1. 
Anodonta submacilenta Servain, 1880. Étude sur les Mollusques recueillis en 
Espagne et en Portugal:162. 
Anodonta martorelli Servain 1880. Étude sur les Mollusques recueillis en Espagne 
et en Portugal:166. 
Anodonta viriata Servain, 1880. Étude sur les Mollusques recueillis en Espagne et 
en Portugal:169. 
Anodonta carvalhoi Castro, 1883. Contribution a la faune malacologique du 
Portugal:20. 
Anodonta wenceslai Castro, 1883. Contribution a la faune malacologique du 
Portugal:26. 
Anodonta lusoiana Castro, 1883. Contribution a la faune malacologique du 
Portugal:31. 
Anodonta calderoni Kobelt, 1887. Anales de la Sociedad Española de Historia 
Natural t. XVI:438. 
Anodonta baetica Kobelt, 1887. Anales de la Sociedad Española de Historia 
Natural t. XVI:439. 
Anodonta glaucina Drouet, 1893. Unionidae de l‟Espagne:40, lám. I, fig. 1. 
Anodonta latirostris Drouet, 1893. Unionidae de l‟Espagne:69, lám. I, fig. 8. 
Anodonta mollis Drouet, 1893. Unionidae de l‟Espagne:70, lám. II, fig. 7. 
Anodonta adusta Drouet, 1893. Unionidae de l‟Espagne:75, lám. I, fig. 3. 
Anodonta prasina Drouet, 1893. Unionidae de l‟Espagne:79, lám. II, fig. 9. 
Anodonta nobilis Drouet, 1893. Unionidae de l‟Espagne:80, lám. II, fig. 5. 
Anodonta bicolor Drouet, 1893. Unionidae de l‟Espagne:81, lám. I, fig. 5. 
Anodonta valentina Drouet, 1893. Unionidae de l‟Espagne:84, lám. II, fig. 3. 
Anodonta emacerata Drouet, 1893. Unionidae de l‟Espagn:85, lám. II, fig. 1. 
 
Descripción original: Mytilus anatinus Linnaeus, 1758. Systema Naturae 10. 
Aug.: 706, Nr. 219. 
APPENDIX II – OTHER PUBLICATIONS ON FRESHWATER BIVALVES 
252 
Ilustrado en: Schröter 1779. Die Geschichte der Flüssconchylien, Gebauer. Halle,  
lám. 1, figs. 1, 2 y 3; lám. 3, fig. 1; Rossmässler 1837. Iconographie der Land und 
Süsswasser Mollusken V-VI,lám. 30, figs. 416-420. 
 
Comentario taxonómico 
Un problema importante referido al tipo de A. anatina es que según el libro de 
Hanley (1855), el ejemplar con el que Linneo describió la especie pertenece a 
Anodonta complanata (Ziegl. in Rossmässl. Iconog. Pt. iv. Pl. 20, f. 283). 
Efectivamente, tanto en la ilustración de Hanley (1855, pl. 2, fig. 1) como en la de 
Rossmässler (1836) se comprueba que se trata de la especie Pseudanodonta y no 
de Anodonta. Esto podría indicar que el nombre de Mytilus anatinus L. no se 
correspondería con A. anatina sino con Pseudanodonta complanata Rossmässler 
1835. No obstante, dado que no existe la certeza de que los ejemplares que cita 
(e ilustra) Hanley (1855) coincidan exactamente con los ejemplares originales de 
Linneo (Dance, 1967), y para evitar mayores complicaciones, sugerimos las 
ilustraciones de Schröter (1779) y Rossmässler (1837) (ver apartado Descripción 
original) como las representativas de A. anatina. 
Además, la especie A. anatina ha sido confundida innumerables veces con A. 
cygnea, siendo ambas muy polimórficas. Aunque Haas (1969) consideró que A. 
anatina era un sinónimo de A. cygnea, hoy sabemos que son especies diferentes. 
También es necesario avanzar que los recientes estudios utilizando marcadores 
moleculares indican la existencia de lo que podrían ser varias especies dentro de 
lo que se ha considerado A. anatina en la península Ibérica, y que a su vez 
podrían ser también diferentes de la especie que vive en el resto de Europa. Si 
esto fuera así, la especie (o especies) ibéricas tendrían nombres diferentes de A. 
anatina. Para evitar mayores complicaciones y en espera de obtener resultados 
definitivos, consideramos A. anatina en la península Ibérica como una sola especie 
igual a la presente en el resto de Europa. 
 
Distribución 
Por toda la península Ibérica (Fig. 30), en ríos, embalses y lagos. Es la especie de 
Anodonta más común. 
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Figura 30. Distribución de Anodonta anatina. 
Figura 30. Distribuição de Anodonta anatina. 
Figure 30. Distribution map of Anodonta anatina. 
 
 
Morfología externa (Figs. 31, 32, 33) 
Especie muy polimórfica, más que su congénere A. cygnea. Concha muy frágil, sin 
dientes en la charnela. Puede llegar a ser muy grande y abombada dependiendo 
del hábitat que ocupa. Color pardo o negro, a veces verde. Los ejemplares 
juveniles (Figs. 31B, C) suelen ser muy aplanados y presentar un dibujo de franjas 
radiales más claras. Silueta generalmente oval o cuadrangular, en ocasiones 
alargada pero nunca tanto como A. cygnea. En proporción suele ser siempre más 
alta que ésta. Habitualmente presenta un ala dorsal o cresta en la parte posterior 
más patente en los ejemplares juveniles. Ligamento más marcado y prominente 
que en A. cygnea. Borde ventral generalmente curvo. El borde dorsal puede ser 
curvo o recto, dibujando, en este segundo caso, los lados de un triángulo: uno 
anterior que asciende hasta el vértice del ala y uno posterior que desciende  
bruscamente. Umbo plano y ancho, más saliente que en A. cygnea. La escultura 
del umbo (Fig. 13F), cuando está presente, es siempre ondulada, concéntrica y a 
menudo no alcanza los bordes de la concha (Kennard et al. 1925). 
Papilas del sifón inhalante (Figs. 5I, 16F) de forma cónica y distribuidas en varias 
filas, prácticamente idénticas a las del género Unio. 
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Ciclo de vida 
Al igual que A. cygnea es una especie “long-term brooder” que mantiene los 
gloquidios en las branquias durante todo el invierno. Solamente la branquia 
externa actúa como marsupio. Los gloquidios maduran en otoño y se liberan en 
primavera (Pekkarinen & Englund 1995; Aldridge 1999; Panini et al. 2009). Son 
de color pardo amarillento, y tanto su aspecto general (Figs. 19G, H) como su 
tamaño (longitud: 350-360 µm, altura: 340-360 µm) son similares a los de A. 
cygnea. La única característica útil para diferenciarlos es la superficie de la 
concha, que en A. anatina presenta un dibujo de finas costillas dorso ventrales 
formando un retículo (Pekkarinen & Englund 1995; Hoggarth 1999). 
Figura 31. Anodonta anatina. 
Adulto y juveniles del Río Ebro. 
Figura 31. Anodonta anatina. 
Adulto e juvenis do Rio Ebro. 
Figure 31. Anodonta anatina. 
Adult and juvenile shells from 
the Ebro river. 
Figura 32. Anodonta anatina. 
Embalse de Bornos (Cádiz). 
Figura 32. Anodonta anatina. 
Albufeira de Bornos (Cádiz). 
Figure 32. Anodonta anatina. 
Bornos impoundment (Cádiz). 
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Figura 33. Anodonta anatina. A. Río Milagro (Ciudad Real). B. Ejemplar deforme 
del Río Ebro. 
Figura 33. Anodonta anatina. A. Rio Milagro (Ciudad Real). B. Exemplar 
deformado do Rio Ebro. 
Figure 33. Anodonta anatina. A. Milagro river (Ciudad Real). B. Deformed 
specimen from the Ebro river. 
 
 
Aunque se trata de una especie dioica, recientemente se ha visto que pueden 
existir ejemplares hermafroditas (Panini et al. 2009). 
Entre las especies hospedadoras de sus gloquidios en la península Ibérica se han 
señalado Barbus graellsii Steindachner, Chondrostoma miegii Steindachner, 
Salaria fluviatilis (Asso), Gobio gobio (L.), Squalius pyrenaicus (Günther) y S. 
cephalus (L.) (Gómez, obs. pers.). En otros países (Pekkarinen & Hastén 1998) se 
han citado los peces Perca fluviatilis L., Gymnocephalus cernuus L., Puntius 
tetrazona (Bleeker) y la larva de la salamandra Ambystoma tigrinum Green. 
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Hábitat (Figs. 16E, F) 
En todo tipo de ríos, también en lagos (ej. Ruidera, Albufera de Valencia). En los 
embalses suele ser la única náyade presente. Habitualmente en fondos blandos de 
cieno y aguas remansadas, aunque también puede vivir en gravas y zonas de 
corriente. Es una de las náyades menos exigentes en cuanto al hábitat, 
probablemente por tener un amplio rango de peces hospedadores. 
 
Conservación 
Catalogada como Casi Amenazada en el Libro Rojo de los Invertebrados de España 
(Verdú & Galante 2006) y en el Libro Rojo de los Invertebrados de Andalucía 
(Barea-Azcón et al. 2008). 
Aunque es necesario proteger sus poblaciones, parece tener una mayor valencia 
ecológica que el resto de especies de náyades ibéricas. 
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ABSTRACT 
This paper aims to set the record straight regarding the first observations of 
Corbicula fluminea (Müller, 1775) in the Guadiana River Basin. According to the 
available data, C. fluminea was first observed in 1988 and not in 2006 as 
suggested by Pérez-Bote and Fernandéz (2008). The first observations of C. 
fluminea in the Guadiana estuary were reported in 2000. In 2003, C. fluminea was 
already well established in the estuary and in many rivers and streams. C. 
fluminea is likely to expand its current biogeographic distribution in Portugal, since 
suitable lentic habitats for colonization will be crea ted by the implementation of 
the “National program of dams with high hydraulic potential”, which should be 
concluded by 2016. 
 
KEYWORDS: Corbicula fluminea, Guadiana River Basin, Guadiana estuary, dams, 
Portugal 
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SHORT COMMUNICATION 
The Asian clam Corbicula fluminea (Müller, 1774) is one of the 100 worst invasive 
species in Europe (DAISIE 2009). It was first noticed in the Iberian Peninsula in 
1980, in the Tagus estuary (Mouthon 1981). Pérez-Bote and Fernández (2008) 
stated that C. fluminea was first recorded in the Guadiana River Basin 
(southwestern Iberian Peninsula, Fig. 1) in June 2006, more precisely in the rivers 
Lacarón and Lobón and in the Montijo reservoir. However, Pérez-Quintero (1990) 
had already registered the presence of C. fluminea in Rivera Grande de la 
Golondrina (Lower Guadiana River Basin) in 1988. In March 2000, the first 
observations of C. fluminea in the Guadiana estuary were registered in Guerreiros 
do Rio (37º23'52"N, 7º26'45"W), during a survey to identify the bivalves occurring 
along the first 40 kilometers of the estuary (Chícharo et al. 2000). More 
specimens of C. fluminea were collected from subtidal areas of the upper estuary 
(Fig. 2), from Foz de Odeleite (station 3) to Alcoutim (station 8). 
 
 
 
Figure 1. Geographical context of the Guadiana river Basin in the Iberian 
Peninsula (Europe). Map modified from http://www.maps-for-free.com 
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In 2003, seventy seven sites were surveyed along the entire Portuguese Guadiana 
Basin and C. fluminea was present in 28.6% of these sites (Fig. 2, Annex 1). The 
density of C. fluminea varied between 7 and 360 Captures Per Unit Effort (CPUE, 
as number of bivalves per researcher per hour of search), averaging 130 CPUE. In 
the Guadiana estuary, C. fluminea extended along 52 km of the estuary (Fig. 2), 
from near Foz de Odeleite (station 3) to Mértola (station 16) (Fig. 2). Another four 
species belonging to the family Unionidae were found, namely: Anodonta anatina 
(Linnaeus, 1758), Potomida littoralis (Cuvier, 1798), Unio delphinus Spengler, 
1793 (replaces Unio pictorum (Linnaeus, 1758) in the Iberian Peninsula, see 
Barea-Azcon et al. 2008) and Unio tumidiformis Castro, 1895 (replaces Unio 
crassus Retzius, 1788) in the Iberian Peninsula (for these species see revised 
taxonomy in Reis and Araujo 2009). 
C. fluminea is currently known to be present in several tributaries of the River 
Guadiana and estuary, namely in the following rivers: Alvacar, Beliche, Carreiras, 
Cobres, Degebe, Foupana, Limas, Odeleite, Oeiras, Terges and Vascão and in Lake 
Mina de São Domingos (Reis 2006). In the river Guadiana, the distribution range 
of C. fluminea seems to have increased downstream of the Alqueva dam (Fig. 1), 
since the closure of its gates in February 8th, 2002. In Portugal, C. fluminea is 
also present in Minho, Lima, Douro, Vouga, Mondego, Lizandro, Tagus and Sado 
river basins (Reis 2006). The “national program of dams with high hydraulic 
potential” has the potential to cause a greater proliferation of C. fluminea in 
Portugal, increasing its biogeographic distribution and local abundances. Eleven 
new dams are scheduled to be built under this program until 2016, so that non-
used hydraulic potential decreases from 54% to 33% (Garcia 2009). This will 
certainly create suitable lentic habitats for colonization of C. fluminea (Pérez-
Quintero 2008) and other non-indigenous freshwater aquatic species (Johnson et 
al. 2008). It is important to emphasize that the population dynamics of aquatic 
invasive species are better understood if the timing of introductions is known as 
accurately as possible. Moreover, biological invasions can only be eradicated if 
they are detected on time, but the best policy is still to prevent them. Thus, we 
urge for the creation of monitoring projects aiming both to evaluate the 
conservation status of native bivalves and to detect, as soon as possible, the 
introduction of non-native species. 
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Figure 2. Specific diversity of freshwater bivalves along the Portuguese Guadiana 
river basin in the summer of 2003. 
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Annex 1. Location of sampling sites, in the lower Portuguese Guadiana river 
Basin, surveyed in the summer of 2003 to collect freshwater bivalves. Legend for 
Station: numbers- locations with bivalves; capital letters - locations only with 
empty shells; lowercase letters - locations without bivalves 
 
  Coordinates Recorded species 
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1 Beliche River 37°16'38" 7°30'24" +     
2 Odeleite River 37º20‟04" 7°29'06" +     
3 Guadiana Estuary 37°19'39" 7°26'22" +     
4 Foupana River 37°23'04" 7°31'20" + +  +  
5 Odeleite River 37°19'56 7°38'48"    + + 
6 Foupana River 37°24'17" 7°44'16"  +  + + 
7 Vascão River 37°23'48" 7°59'04"  + + + + 
8 Guadiana Estuary 37°28'12" 7°28'11" +     
9 Guadiana Estuary 37°31'30" 7°30'47" +     
10 Guadiana Estuary 37°32'57" 7°33'07" +  + +  
11 Vascão River 37°30'55" 7°34'54" + + + + + 
12 Vascão River 37°30'11" 7°40'40" + + + + + 
13 Carreiras River 37°32'47" 7°51'25"  +  +  
14 Tapada Grande Reservoir 37°40'11" 7°30'19" +     
15 Carreiras River 37°36'37" 7°40'33"    +  
16 Guadiana Estuary 37°38'45" 7°39'06" + + + +  
17 Carreiras River 37°35'39" 7°45'26" + +  +  
18 Oeiras River 37°37'28" 7°48'18" + +  + + 
19 Oeiras River 37°38'30" 7°44'48" + +    
20 Alvacar River 37°39'37" 7°45'24" +   +  
21 Alvacar River 37°41'08" 7°49'04" + +  +  
22 Limas River 37°49'21" 7°37'21" + +  + + 
23 Cobres River 37°49'46" 7°51'48" + +  + + 
24 Terges River 37°50'34" 7°53'48"  +  +  
25 Chança River 37°54'50" 7°15'55"    + + 
26 Vidigão River 37°53'37" 7°18'11"  + + + + 
27 Guadiana River 37°58'50" 7°39'18"    +  
28 Cardeira River 37°57'18" 7°41'14"    +  
29 Murtigão River 38°05'20" 7°05'51"    +  
30 Safareja River 38°03'51" 7°10'51"  +  +  
31 São Pedro River 38°03'30" 7°15'54"  +  + + 
32 Ardila River 38°08'54" 7°17'38"    +  
33 Guadiana River 38°09'26" 7°30'24"    +  
34 Barranco do Panasco River 38°05'06" 7°32'54"   +  + 
35 Guadiana River 38°06'47" 7°37'32" +   +  
36 Marmelar River 38°09'32" 7°38'48"    + + 
37 Alqueva Reservoir 38°21'45" 7°23'39" +  + +  
38 Degebe River 38°26'37" 7°40'50" +     
39 Azambuja River 38°25'23" 7°42'55"  + + + + 
40 Lucefece River 38°35'53" 7°20'49"  +  + + 
41 Pardiela River 38°32'48" 7°41'07"    +  
42 Guadiana River 38°43'45" 7°14'55" +   +  
43 Guadiana River 38°46'13" 7°11'19"    +  
44 Xévora River 39°01'48" 6°57'34"    +  
45 Xévora River 39°03'11" 6°59'35"  + + +  
46 Xévora River 39°04'49" 7°01'05"  + + + + 
47 Caia Reservoir 39°03'03" 7°13'43"  +  + + 
A Oeiras River 37°28'33" 8°01'31"      
B Cobres River 37°41'27" 8°00'55"      
C Chança River 37°45'12" 7°25'19"      
D Limas River 37°52'38" 7°32'14"      
E Toutalga River 38°03'56" 7°15'48"      
F Odearce River 38°05'59" 7°40'58"      
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Annex 1 (cont.). Location of sampling sites, in the lower Portuguese Guadiana 
river Basin, surveyed in the summer of 2003 to collect freshwater bivalves. 
Legend for Station: numbers- locations with bivalves; capital letters - locations 
only with empty shells; lowercase letters - locations without bivalves 
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G Vale de Vasco River 38°32'15" 7°36'50"      
H Guadiana River 38°44'20" 7°14'07"      
I Abrilongo River 39°05'31" 7°02'58"      
J Arronches River 39°08'01" 7°16'38"      
a Beliche River 37°18'01" 7°32'23"      
b Odeleite River 37°17'59" 7°44'51"      
c Foupana River 37°24'51" 7°37'47"      
d Lampreia River 37°34'28" 7°43'07"      
e Chança River 37°42'03" 7°26'21"      
f Alcaides River 37°43'50" 7°27'37"      
g Cobres River 37°39'07" 8°01'40"      
h Maria Delgada River 37°41'33" 8°01'45"      
i Cinceira River 37°47'40" 8°03'17"      
j Terges River 37°51'31" 7°57'15"      
k Grafanes River 37°59'38" 7°36'32"      
l Murtéga River 38°09'25" 6°59'51"      
m Santo Aleixo River 38°05'06" 7°09'32"      
n Azevel River 38°30'05" 7°25'48"      
o Degebe River 38°30'42" 7°42'38"      
p Lucefece River 38°40'30" 7°28'52"      
q Guadiana River 38°43'03" 7°16'32"      
r Mures River 38°44'49" 7°14'12"      
s Caia River 38°52'24" 7°02'12"      
 
 
